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THE INSTITUTION OF 
PETROLEUM TECHNOLOGISTS 


At the Annual General Meeting held on the 22nd March, 
1928, the following alterations to the By-laws were 
adopted :— 


Section III., Para. 5 to be altered to read :—**. . . Every candidate for 
admission as a Student shall be not less than 18 years of age or 
more than 25 years of age, and shall ...’’; and the following 
sentence added: “‘ Provided, however, that the Council may in 
their discretion extend the limit beyond 25 years in special cases.” 


Section I1I., Para. 7. Add the following sentence :—‘' Provided thai 
the Council may in their discretion appoint as an Honorary Membev 
@ person for the period of his tenure of some particular official posi- 
tion,” 


Section IV., Para. 4, to be altered to read as follows :—‘‘ Every Student 
shall, subject to any extension granted by Council, before reaching 
the age of 25 years, qualify himself to be an Associate Member 
and shall obtain transference into that class in accordance with 
the preceding Article. In the event of any Student not so 
qualifying himself, and not obtaining transference into the class 
of Associate Member, he shall either (a) apply for transference 
into the class of Associate or (B) be removed from the roll of Members 
of the Institution. The Council may, however, in their discretion 

permit a Student to remain a Student for such period beyond 

the time when he has reached the age of 25 years as they may 
think fit.” 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS 


M 
form ¢ 
NOTICES. 
The Institution as a body is not responsible for the statements of papers 
opinion expressed in any of its publications. ry 
Authors of papers and articles are requested to transfer An 
Copyright. their copyright to the Institution for a period of six months to tha 
from the date of receipt of the paper. Such transfer presen 
should be made in writing when the manuscript is forwarded to the Editor, 

Editors are permitted to publish abstracts, providing that acknowledgment Re 
is made to The Institution of Petroleum Technologists. 

The Journal is issued in six parts per volume, commencing 
Issue of in February of each year, with occasional extra numbers Apr 
Journal. when necessary. The Title Page, Table of Contents and or oth 
Index to each volume are published in the first issue of whom 
the succeeding volume. Apr 

Members whose subscription is not in arrear receive the Journal free of Institi 
cost, and additional copies are charged at the rate of 7s. 6d. per part, unless to ong 
otherwise stated. A member whose subscription is not paid by June 30th be suj 
of the year for which it is due is considered to be in arrear. APE 

ou 

Changes of Members are requested to notify any change of address = 

Address. to the Secretary. Decen 
Members are invited to submit papers to be read at the : 
a General Meetings of the Institution, and are specially = 

. asked to forward articles for consideration for publication 

in the Journal. Diagrams, illustrations, etc., should be suitable for direct 

Authors of papers published in the Journal are entitled to receive 25 free ! 
reprints of their contribution. Further copies may be obtained on payment 
and orders for these should be sent to the Secretary when the manuscript 
is forwarded to the Editor. The free reprints do not include any discussion 
which may be published with the paper, but authors may have such dis- 
cussion included in their reprints on payment of the additional cost. 

Galley proofs of the paper to be read at a General Meeting are available Memt 
at the time of the meeting, but members desirous of receiving such galley t 
proofs in advance should apply to the Secretary. ie 

GL 

Members desiring to have their Journals bound in cases Barrer 

Binding of should send them, together with a remittance of 5s. 6d. Brttw 
Journals. per volume, to Messrs. Speaight & Sons, Ltd., 98, Fetter EN} 
Lane, London, E.C. 4. A charge of 7s. 6d. will be made CzE 

for binding Vol. 10, 1924. Remittance in all cases must accompany the W. © 
order. 
Abstracts of the more important articles and patent Evro 

Abstracts. specifications are published with each issue of the Journal, Co. 
this supplement being paged independently of the trans- W. J. 

actions. Members desiring to have the Abstracts printed on one side of the A. Gi 
paper only can be supplied with uncorrected galley proofs at a charge of — 


10s. per annum per copy, payable in advance. 
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The Redwood Medal is awarded, at the discretion of the 
Medals. Council, to the person who shall have made the most 
meritorious contribution to petroleum technology, in the 
form of a paper or papers published in the Journal of the Institution, during 
two successive sessions, preference being given to original work and to 
rs which have been read before the Institution and discussed. The 
award is not confined to members of the Institution and may be withheld 
if no contribution is considered to be of sufficient merit. 
A medal and a prize of five guineas is awarded annually by the Council 
to that Student Member of the Institution who shall, in their opinion, have 
presented the best paper during the session. 


The sum of £400 is allocated in each calendar year to the : 
Research advancement of Research in Petroleum Technology and 
Fund. its basic sciences, and the Council are prepared to receive 
applications for assistance from this fund. 

Applications from persons proposing to engage in research in any university 
or other teaching institution must be supported by the professor under 
whom the applicant will be working. 

Applications from Associate Members, Students or Associates of the 
Institution of Petroleum Technologists and non-members, not p 
to engage in research in any university or other teaching institution, must 
be supported by a Member of the Institution or other responsible person. 

Applications from full Members of the Institution do not require a 
supporter. 

Applications for grants from this fund will be considered in June and 
December of each year and must be received by the Secretary not later 
than June lst or December Ist respectively. Application forms may be 
obtained from the Secretary of the Institution at Aldine House, Bedford 
Street, London, W.C. 2. 


Advertisements are inserted in the Journal, and infor- 
Advertise- mation as to terms, etc., can be obtained from Mr. Thomas 

ments. Tofts, 303, Bank Chambers, 329, High Holborn, W.C. 1. 
(Telephone No. Hol. 4776.) 


LIST OF ADVERTISERS. 


Members are desired when making enquiries or placing orders with advertisers 
to mention that they have seen their announcement in the Journal. 


ANGLO-AMERICAN Co., Lrp. Lucey Propvots CoRPoRATION, 
Barrp & (Lonpon), Lrp. Tue NationaL Suprty Corpora- 
Britnn-KONIGSFELDER MASCHIN- TION. an 
ENFABRIK, KoENIGSFELD, Tse Om WELL ENGINEERING Co., 
CzecHo-SLOVAKIA. Lrp. 
W. Curistrze & Grey, Lrp. Om Suprty Co. 
A. F. Craia & Co., Lrp. Power Speciatty Company Lrp. 
W. Dawson & Sons, Lrp. H. C. Smrra Manuracturine Co. 
Evrorgean Inpustry SuPpPLy Stewarts AnD Lioyps, 
Co., Lrp. Suturvan Co. 
W. J. Fraser & Co., Lrp. Tue Trvrometer Lop. 
A. & Co., Lrp. T M lee 
Haywarp-TyYter & Co., Lrp. OWNSON AND MERCER, 
Leytanp & RUBBER Vicxers-ARMSTRONGS, LD. 
Universal Ort Propvuctrs Co, 
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A register of members requiring appointments is kept PE 

Appointments at the office of the Institution for the convenience of firms 

Register. requiring the services of petroleum technologists, etc., it 
being understood that the Institution accepts no respon. It i 

sibility and gives no guarantee. 

movem 
The Institution’s Library may be consulted between the Mr. 
Library. hours of 11 a.m. and 4 p.m. daily. (Saturdays, 11 a.m, Mr 
to 1 p.m.) 
Mr. 
Mr. 
Mr. 
ADDITIONS TO THE LIBRARY SINCE THE LAST JOURNAL, Mr. 
International Critical Tables of Numerical Data, Physics, Chemistry and Mr. 
Technology. Vol. III., 1928. By the National Research Council of Mr 
U.S.A. 
The New Zealand Journal of Science and Technology. February, 1928. Mr. 
Mr. 

From the Imperial Institute :— Mr 

The Mineral Industry of the British Empire and Foreign Countries—Bromine ; 

and Iodine. 1928. Mr. 
Chemical Engineering and Chemical Catalogue. 4th Edition. 1928. Mr. 
Oil Flow in Pipe Lines. By R. S. Danforth. 2nd Edition. Mr. 
Petroleum Vademecum (International Petroleum Tables). 5th Edition. Dr 

1928. Compiled by Ing. Robert Schwarz. Mr 
From the Institution of Mechanical Engineers :— Mr 
Proceedings. Vol. II. 1927. Mr. 

From the National Benzole Association :— Mr. 

Report of the Benzole Research Committee, 1928. Mr. 
Mr. 

U.S.A. Col 

Britis! 

From the U.S. Bureau of Mines :— Mr 

Bulletin 289. Petroleum Refinery Statistics, 1926. By G. R. Hopkins. Mr. 
Mr. 
Mr. 

LENDING LIBRARY. 

It has been decided to form a Lending Section of the general The 
Library of the Institution, comprised of duplicate and other volumes. where 
The books will be available to all members of the Institution, and GREA’ 
full particulars will be circulated in due course. E. C. 
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PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 


It is suggested that members send information regarding their 


movements to the Secretary, for insertion under this heading. 


Mr. B. M. 8. Acar is in Venezuela. 

Mr. F. L. Basserr has returned to Iraq. 

Mr. S. M. Braz is in Trinidad. 

Mr. C. E. Carrro has returned from Persia. 

Mr. G. B. H. Cave has returned from Persia. 

Mr. J. Coates is in Burma. 

Mr. V. Dvorkovirz has returned from Venezuela. 

Mr. F. A. Furwn has left for Venezuela. 

Mr. J. 8. Gaynor is now in Mexico. 

Mr. O. H. Gruirrirus is in Albania. 

Mr. G. 8. Hopson has returned from India. 

Mr. C. E. Keep is returning from India in May. 

Mr. J. Lanper is in Rumania. 

Mr. L. W. Marrtson has returned from Burma. 

Dr. W. A. MacraDyYEN is in Rumania. 

Mr. J. McApam has returned from Colombia. 

Mr. R. H. Mrrcwett has returned from Colombia. 
Mr. J. M. Morr is in Mexico. 

Mr. A. H. Noste is in Sarawak. 

Mr. E. Parsons has left East Africa for South Africa. 
Mr. S. R. Prisk has left Assam and is now in Burma. 
Colonel A. H. Szacrm has returned to Venezuela and is now 


British Vice-Consul at Maracaibo. 


Mr. J. 8S. Smrru is in Guayaquil. 

Mr. G. W. R. Taytor is in Persia. 

Mr. A. C. Vrv1an has left for Persia. 

Mr. L. J. WrmorH has returned from Burma. 


The Secretary will be glad to receive information as to the 


whereabouts of the following members :—J. M. Batey, G. M. 
Greaves, D. H. Gwryner, K. C. Jonnson, I. C. Low and 
E. C. Masterson. 
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The suggestion has been made that complete bound sets of the 
Journal should be available for sale to members of the Institution, 
Any member wishing to avail himself of this opportunity should 
communicate with the Secretary. 
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The engraving of the members of the Institution, made by 
Messrs. H. J. Whitlock and Co., is now ready, the cost being 
£10 10s., £7 7s. and £5 5s., together with the key. For the con. 
venience of members, a photograph of the engraving has been 
made, size 14 in. by 10} in., at a cost of £1 1s., inclusive of the key. 
Application for copies of the engraving or the photograph should 
be made to Messrs. H. J. Whitlock and Co., Cory’s Building, 
Fenchurch Street, London, E.C. 3. 


We have received information that a model of the Jenkins 
Cracking Still will be on exhibition at Mr. Harold Moore’s Office, 
181, Queen Victoria Street, E.C. 4, till about the middle of June, 
and a cordial invitation is extended to all members interested. 


OBITUARY. .- 
Captain L. L. Wrathall, M.C., B.Sc., A.R.S.M. 


We regret to record the death of Captain Leonard Langdale 
Wrathall, M.C., B.Sc., A.R.S.M., and Associate Member of this 
Institution. 

Captain Wrathail died in Timor, of blackwater fever, on April 
2nd, 1928. He was manager of the Timor Petroleum Company, 
an Australian company which is drilling and prospecting for petro- 
leum in Portuguese Timor. 

Captain Wrathall was born near Keighley in Yorkshire. He 
became a student at the Royal School of Mines in 1910 and was 
distinguished both by character and ability. He obtained his 
Associateship and graduated with honours as B.Sc., London, in 
1913. He was then engaged by the Government of the Common- 
wealth of Australia as assistant to Dr. Wade, who was undertaking 
exploratory work for petroleum in Papua and Australia on their 
behalf. 

Soon after the outbreak of war, Captain Wrathall left Papua in 
order to enlist with the Australian forces. He joined up in Sydney 
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as a private, but was subsequently transferred to the Australian 
Mining Corps, in which he received a commission. In 1915 he was 
sent to France, where he distinguished himself with the Australian 
Tunnellers, was mentioned several times in despatches, and became 
Assistant Controller of Mines on the front in Flanders. He was 
wounded in this service. Recovering, he immediately returned to 
the fighting line, where he won the Military Cross for gallant conduct 
in the field. 

After the war he obtained an appointment with the Anglo- 
Persian Oil Company, serving them in many parts of the world. 

Invited to take over the management of the Timor Petroleum 
Company in 1925, he entered upon the work with great energy 
and enthusiasm. It soon became evident that these qualities, 
combined with tact and a fine personality, had made a very 
favourable impression upon the Portuguese officials as well as upon 
the directors of his own Company. He carried out research work 
over the greater part of Portuguese Timor, and it is to be feared that 
his virile nature led him to attempt too much in the conditions 
which exist in that country. He was hoping to put the results of 
his reasearches into the form of a paper, and the loss of this is a 
great misfortune, especially to students of geology and geography. 

Captain Wrathall was a fearless and outspoken man, an able and 
trustworthy colleague and a loyal and sympathetic friend, as well 
as & petroleum geologist and engineer of more than ordinary ability 
and experience. A. W. 


STANDARD METHODS OF TESTING PETROLEUM 
AND ITS PRODUCTS. 


In view of the proposed publication during the coming year of a 
second edition of “Standard Methods of Testing Petroleum and 
Its Products,” it has been decided that the remaining copies of the 
first edition shall be made available at 3s. per oe on and after 
January 1, 1928. 


TRINIDAD BRANCH. 


A Branch of the Institution of Petroleum Technologists has been 
inaugurated in Trinidad, and the following is the Committee as 
approved by Council :—A. Frank Dabell, M.I.Mech.E. (Chairman), 
A. G. V. Berry, A. P. Catherall, B.Sc., M.I.Min.E., A.M.Inst.M.M., 
W. J. C. Cooke, M.J.I.E., Comdr. H. V. Lavington, R.N. (Hon. 
Secretary), J. S. Parker, M.A., B.Sc., and G. H. Scott, B.Sc. 
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RAMSAY MEMORIAL LABORATORY OF CHEMICAL 
ENGINEERING. 


The Chemical Engineering Building and Equipment Fund 
Committee, of which the Rt. Hon. Sir Alfred Mond, Bt., is Chairman, 
Sir Robert Waley Cohen, Vice-Chairman, and Sir David Milne. 
Watson, Hon. Treasurer, recently issued an appeal for a capital 
sum of £50,000 for the extension of the Ramsay Laboratory of 
Chemical Engineering at University College, London. and for its 
equipment. The response up to the present time has produced 
£23,555. Among the subscribers are :— 

Imperial Chemical Industries, £10,000; The Shell Group, 
£5,000; The Gas Light & Coke Company, £5,000; Dunlop 
Rubber Company, £1,000; Reckitt & Sons, Ltd., £1,000; 
British Aluminium Company, £250; British American Tobacco, 
Ltd., £250; South Metropolitan Gas Company, £105; Col, 
Sir Edward Brotherton, £100; Mather & Platt, Ltd., £100; 
“ Wellwisher,” £100; The Worshipful Company of Salters, 
£52 10s.; Professor E. C. Williams, £50. Other subscriptions, 
£548 2s. 

In addition to the Capital Fund for the building and equipment, 
an income of £6,000 a year is required for the maintenance of the 
laboratory. Towards this, £3,191 have already been promised 
for the first five years and £2,600 for the second five years. 

The Committee is anxious to complete both funds as speedily 
as possible in order that the new building may be proceeded with. 
Donations and subscriptions may be sent to Sir David Milne. 
Watson, at University College, London (Gower Street, W.C. 1), 
who will be glad to supply any further particulars. 
27th March, 1928. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
SPECIAL RESEARCH COMMITTEE ON FUELS. 


The Special Research Committee on Fuels was appointed in 
October, 1927, to collect existing data, to co-ordinate existing 
research, and to carry on research on specific problems regarding 
Fuels. 

Professor R. T. Haslam and Vincent G. Shinkle have been 
selected to investigate Petroleum Products as Fuels, Processes and 
Use, and their Economic Relationships to other Fuels. 

The attention of all interested in Fuel Research is invited, as 
the correlation of existing information is of first importance, and 
suggestions or offers of assistance should be sent to F. R. Wadleigh, 
Chairman, 1 Broadway, New York. 
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CORRESPONDENCE. 


The Secretary, 


Fund Tue InstTiTUTION OF PETROLEUM TECHNOLOGISTS. 

Mine Dear Sir: I have been investigating the effect of base exchange 
"ne & on the formation of coal and have published a number of papers in 
apital # « Fuel” on this subject. I enclose reprints of some of these papers, 


further papers are now in the press. 

In connection with these investigations, I have been studying 
the bacterial decompositions of organic materials under roofs which 
have undergone base exchange with solutions of sodium chloride. 


TOUP, BH The results of the bacterial decomposition of glycerol and the fats 
unlop # under these conditions appear to have a direct bearing on the 
000; formation of petroleum. From an examination of the literature, 
“Ca it appears that the shales overlying the strata containing petroleum 
1 ms have undergone base exchange. In order to test this, I desire to 
Saat obtain specimens of the shales overlying petroleum-bearing strata 
te for examination in the laboratory. 
— I should be greatly obliged if you could inform me whether there - 
is a collection of such shales in this country, and, if not, whether any 
r Members of the Institution of Petroleum Technologists would be 
: prepared to forward me specimens for examinations. The size 
used of the specimens required is about four ounces. 
dil I shall be very grateful for any assistance or advice that you may 
be able to give me.—Yours faithfully, 
on (Signed) E. McKenzie Taytor, M.B.E., Ph.D., DSc., F.LC., 
1) University Lecturer in Agricultural Chemistry. 


School of Agriculture, 
University of Cambridge. 
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STANDARD METHODS OF TESTING PETROLEUM 
AND ITS PRODUCTS. 


Report of the Standardization Committee, giving details of 
Methods of Test for Petroleum and Its Products. 


Price: 3s. net. 
T’o members of the Institution (marked “ Complimentary”). 2s. net, 


DECENNIAL INDEX, 1914 to 1924. 


The complete index to the first ten volumes of the Journal of the 
Institution contains some 10,000 references to subjects and 
localities. 

Price: 7s. 6d. net. 

To members of the Institution. 4s. net. 


THE PETROLEUM INDUSTRY. 


A brief survey of the Technology of Petroleum based upon a Course 
of Lectures given by Members of the Institution of Petroleum 
Technologists at the Petroleum Exhibition, Crystal Palace, 1920, 


This work will be found of value to students and those desirous of 
obtaining an elementary knowledge of the Technology of Petroleum. 


A few remaining copies for disposal at 2s. 6d. 


REPORT OF THE EMPIRE MOTOR FUELS 
COMMITTEE. 


The complete Report of the Empire Motor Fuels Committee, 
containing valuable data re Fuels for Internal Combustion 
ngines. 


A few copies are still available to members only at Is. 


All the above to be obtained from the office 
of the Institution, 


Hovusz, Breprorp Srreet, Stranp, Lonpoy, W.C. 2. 
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INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


Toe ONE HuNDRED AND SEVENTH GENERAL MEETING of the 


“8. nel Institution of Petroleum Technologists was held at the Royal 
Society of Arts on Tuesday evening, February 14th, 1928, Sir 
Frederick W. Black, K.C.B., Past-President, in the Chair. 

The Chairman said that it would interest all their members to 

of the know that since the last meeting the Institution had passed a 

: and landmark or milestone ; its membership now exceeded 1,000, and 


stood to-day at exactly 1,007. This progress was highly gratifying 
to all concerned. 

The Chairman then asked the Secretary to read certain altera- 
tions to the by-laws which the Council thought it necessary 
should be passed. The alterations of the by-laws would not be 
discussed that evening, but it was necessary, under the Articles of 
Association, that formal notice should be given of such alterations, 
which would be considered at the Annual General Meeting. 

The Secretary announced that the following gentlemen had 
been elected since the last meeting :— 

Members.—Percy Bilton, Jean Louis Chaillet, Gheorghe Damas- 
chin, Eric Stanley Durward, Alexander McNiven Hay, Ernest 
Leslie Healey, Hans Georg Koefoed, Colin McFarlane Leitch. 

Transference to Members.—lan Strachan Rutherford, George Sell. 

Associate Members.—James Smith, Ernest John Sole, Harry 
Griffith Spearpoint. 

Transference to Associate Members.—Kilian Edgar Bensusan, 
Albert Thomas White. 

Student.—William Cyril Webber. 

Associates.—Colin MacKinnon, Reginald Leslie Murray. 

The Secretary announced that the Tenth Annual Dinner would 
be held at the Connaught Rooms on Wednesday, October 3rd next ; 
that meetings of the Institution would be held at 8.30 p.m. on 
Tuesday, February 28th, and at 5.30 p.m. on Tuesday, March 13th ; 
and that the Annual Meeting would be held at 5.30 p.m. on Thurs- 
day, March 22nd, instead of on Tuesday, March 27th. 

The Secretary announced that the Council had approved the 
following alterations of By-laws which would appear in the Annual 
Report shortly to be issued :— 
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Section ITI. Para. 5 to be altered to read “ . . . Every candidate 
for admission as a Student shall be not less than eighteen years 
of age or more than twenty-five years of age and shall . . ..” 
and the following sentence added “ Provided, however, that the 
Council may in their discretion extend the limit beyond twenty-five 
in special cases.” 

Section ITI. Para. 7 Add the following sentence “ Provided that 
the Council may in their discretion appoint Honorary Members 
during the tenure of some particular official position.” 

Section IV. Para. 4 to be altered to read as follows: “ Every 
Student shall, subject to any extension granted by Council, 
before reaching the age of twenty-five years qualify himself 
to be an Associate Member and shall obtain transference into 
that class in accordance with the preceding Article. In the 
event of any Student not so qualifying himself and not obtain. 
ing transference into the class of Associate Member ; he shall 
either (a) Apply for transference into the class of Associate or (b) 
be removed from the roll of Members of the Institution. The 
Council may, however, in their discretion permit a Student to 
remain a Student for such period beyond the time when he 
has reached the age of twenty-five years as they may think fit.” 


The following Paper was then read :— 


Causes of Fire in the Petroleum Industry with 
Methods of Prevention. 


By CuristorHer M.I.E.E. (Member). 


The essentials necessary for a fire or explosion are :— 
(1) An explosive or combustible mixture. 
(2) Adequate means of ignition. 

Fires or explosions cannot take place unless these essentials 
are coincident. 

Preventive measures consist in eliminating either (1) or (2) or 
in preventing their coincidence. 

The range of explosive mixtures of air/petroleum vapour is 
fortunately of narrow limits as compared, say, with mixtures of 
air and coal gas. 

Leakages of oil from tanks, valves or pipes and vapour leakages 
from tanks and other vessels are potential producers of combustible 
mixtures, and measures to eliminate such leakages should be 
incorporated in every branch of the industry from the field to the 
consumer. 

The provision of high-class and robust plant and fittings is the 
first effective insurance. 
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Means of ignition which are herein considered in addition to 
the application of actual fire are lightning, spontaneous combustion 
due to chemical reaction and possible static electricity. Atmos- 
pheric disturbances, accompanied by violent disruptive discharges 
vary in intensity and frequency in different parts of the world 
and in some oilfields, particularly those in countries where thunder- 
storms are frequent, where the fields are congested with plant and 
where the topography of the country is favourable to accumulation 
of gas and vapour, adequate protection is difficult. 

The reduction of oil leakage to a minimum, the control of gas 
and the provision of high-grade fittings and plant form the first 
precautionary measures. 

The plant on the field will consist mainly of derricks, storage 
tanks and general buildings. Should the derricks be of steel and, 
together with the storage tanks, be securely bonded to earth from 
an electrical point of view, these will tend to reduce the violent 
disruptive discharges or flashes of lightning which cause the greater 
damage. The reasons for this are dealt with later. 


StrorAGE TANKS. Frevp. or Distrisutine Depots. 


Where the cost of land is low, effective safety precaution for storage 
tanks is provided by wide spacing of tanks, each tank furnished, 
if considered necessary, with a bund. The cost of security is then 
represented by the additional lengths of suction and delivery pipes 
connecting the various tanks as a result of the distance between 
tanks. Where ground sites are relatively costly, the cost of spacing 
tanks at such a distance as to be considered safe is prohibitive, 
and additional precautionary measures must be provided to 
compensate for the lack of space. The precautionary measures 
consist of the following :— 

(1) The provision of water supply and hydrants in order to 
keep cool adjacent tanks, should for any reason a tank become 
ignited. 

(2) Special connections provided at the pumphouse to enable 
oil to be drawn from any particular tank by the main pumps and 
transferred rapidly to another tank, or elsewhere. 

(3) In order to prevent loss of oil and possible extended fire risk, 
due to mechanical damage to the piping or valves external to the 
tank, the inlets and outlets should be provided with internal 
fittings, the former either a simple flap valve, or an overhead pipe, 
and in the latter a short swivel pipe which normally closes on to 
a seat as a valve. For perfect safety these valves should be 
arranged with some method of remote control, and whilst the site 
conditions in some cases present difficulties, installation of remote 
control should be made wherever practicable. 
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The possible causes of fire, other than direct application, in storage 
tanks, are 

(1) Lightning. 

(2) Spontaneous combustion, due to chemical reaction. 

It is of interest to examine the reasons for the immunity of what 
is now practically a standard storage tank from lightning, par. 
ticularly by comparison with the damage from this cause in 
America. 

There is no record of a gas holder in any part of the world having 
been destroyed by lightning. The factors which provide protection 
are :— 

(a) The effective electrical earth provided by the water tank 
in which the gas holder bell is floating. 

(6) The pointed finials on the supporting columns which act as 
diffusers for silent discharge so preventing the disruptive 
discharge, colloquially known as a “ flash of lightning.” 

Of the two, an effective earth is the more important. 

It is reasonable to assume (and experience has so far shown) 
that an oil tank in which these protective features are incorporated 
will be afforded equivalent immunity. The all-steel storage tank 
with extended handrail stanchions providing finials above the level 
of the valves, gas outlets and other fittings, the tank being well 
earthed, meets these requirements. The tank should be earthed 
effectively in the strictly electrical sense of this term and it should 
be an established practice at all refineries and installations to 
periodically test and record that tanks are efficiently earthed. 

The principal difference between an oil tank and a gas holder is 
that the former must of necessity have valves and other outlets 
from which under certain conditions a mixture of air and oil 
vapour, possibly explosive, is emitted. It is important that such 
openings should be as far below the highest point of the tank as 
possible. This is particularly referred to by Sir Oliver Lodge in 
the bulleting on lightning conductors issued by the Petroleum 
Executive several years ago. The point is further emphasised in 
notes on the subject taken from the United States of America 
records, to which reference is made later. 

The introduction of chimneys on some recent designs of storage 
tanks is consequently a departure from what is now considered 
the safest practice. Tank openings should, wherever possible, 
be protected by gauze screens on the ‘“ Davy” Lamp principle. 
Such screens, fitted to pressure and vacuum valves, have proved 
effective in preventing the formation of ignition temperature on the 
inner or tank side of the screen. Some form of protection of this 
kind is desirable and a certain expenditure in this connection is 
unavoidable. 
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An ideal scheme would be to substitute for all the vents on 
the tanks a system of piping whereby the inlet and outlet vapours 
are always under control. Such an arrangement is costly, but it 
may become an economic proposition when considered in conjunction 
with gas-recovery plants which are now being commonly installed 
hoth at refineries and fields. 

America is a part of the world where electrical storms are of great 
severity and frequency. Due to the huge production, the amount 
of storage is naturally considerable, yet the number of tanks 
destroyed by lightning so frequently reported, is, by comparison, 
disproportionately large. This is undoubtedly due to the design 
of storage tank employed. The following extract from the Journal 
of the National Fire Protection Association (to which acknowledg- 
ment is now made) provides most positive information :— 

“ During the ten years (1915 to 1925), of 416 tank fires 230 
(55 per cent.) were due to lightning in the following places :— 


Fires. Due to lighting. 
64 


Marketing depots’ .. we 47 l 
Pipe line and ocean depots . . o° oe 91 oe 69 
Tank farms .. 112 91 
Miscellaneous tanks . . 8 5 


416 230 


Of the 230 tanks fired by lightning 224 (93 per cent.) were wooden- 
roofed tanks and six tanks only were standard steel-roofed tanks. 
The products stored in these tanks were as follows.:— 


Crude oil 


Gasolene 82 20 
Kerosene an at 70 17 


Lubricating oil 
100 


It would, th refore, appear that the number of all-steel tanks 
struck by lightning is exceedingly small—only six out of 416 being 
damaged over a period of ten years, and there is no evidence to 
show that each of these tanks sustained a “ direct hit,” while there 
is some evidence to show that many tanks were involved at fires 
attributed to lightning that did not receive a “ direct hit.” 

The experience of eighty-seven companies who have furnished 
data, of which the above is a résumé, is summarised as follows :— 

(1) ‘‘ That wood-roof tanks as a class are greater risks than steel- 
roofed tanks. 

(2) That steel-roofed tanks as a class appear to be negligible 
tisks irrespective of the kind of oil stored. It is doubtful if there 
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are many insurable risks that can show such low fire frequency,” 

The chief engineer of the Standard Oil Company of New Jersey 
in a speech before the annual meeting of the above association jn 
1924 mentioned that of 5,000 all-steel tanks under his control 
over a period of twelve years, only four cases of fires had been 
experiences and these had been shown to be due to defective equip. 
ment or maintenance. A further statement reads as follows — 

“It is impossible to set fire to an all-steel gas-tight tank by 
lightning and tanks have been seen to function as lightning con. 
ductors and no damage result.” 

It will be noted the tanks with a bad history (whether constructed 
of steel or concrete) have wooden roofs. These wooden roofs are 
covered with thin gauge iron sheet for weather proofing. The 
roof being supported on oil-soaked wooden columns resting on the 
bottom of the tank sheet iron roof is effectively insulated from 
the steel or concrete tank body which may be considered to be 
earthed. 

The juncture between the wooden roof and the wall of the tank 
is generally by no means gas-tight and there is a possibility that 
the gases leaking at these points may be explosive. Any electrical 
atmospheric disturbance occurring in the neighbourhood of such a 
tank, not necessarily a disruptive electrical discharge, will have the 
effect of inducing a charge in the sheet iron roof insulated from 
earth which, in effect, becomes a huge condenser. The induced 
charge from time to time becomes sufficiently large for a discharge 
to leap across the gap between the sheet-iron roof and earth, where, 
as just mentioned, there is a possibility that an explosive mixture is 
emerging. 

This may be taken as a definitely proved cause of the many 
fires which have taken place on wooden-roofed tanks. 

The huge fire which took place at the Union Oil Company's 
tank farm in California undoubtedly started in this way. It may 
be remembered that in addition to steel tanks there were a number 
of very large concrete-lined reservoirs, some containing a million 
barrels of crude oil. The information obtained as a result of the 
investigations into this fire is very illuminating. 

There is no doubt that the fire originated as mentioned above in 
three of the concrete reservoirs simultaneously. Some of these 
wooden roofs were not covered with sheet iron, but had a number 
of heavy metal fittings in which the electrical charge was induced. 

There were no arrangements for transferring the oil from one 
storage to another, or even if they existed were totally inadequate. 
On account of the concrete reservoirs being leaky, or perhaps on 
account of water contained in the crude oil, a layer of water of some 
depth was on the bottom of each reservoir. The ebullition of steam 
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when the burning oil reached this water was such as to spread the 
fire in all directions and this was undoubtedly the major cause of 
the extension of the fire. 

It is of particular interest to note that the only large reservoir 
with a wooden roof which was not involved in the fire had the 
eaves sealed in a concrete trough water seal all the way round. 
This, in addition to being gas-tight at the roof joint, would also 
provide a reasonably good earth. 

The fact that the all-steel gas-tight tanks in the same tank farm, 
which were actually surrounded with burning oil to a depth of some 
feet, apart from blistering of paint, remained unscathed, is an 
adequate endorsement of the safety provided by this type of tank. 
The methods which have been adopted to protect the remaining 
reservoirs of this type is very costly. It includes the provision of 
lattice steel masts of a considerable height, which support a complete 
network of wires totally enclosing the reservoir ; these wires being 
securely bonded to earth. 

When the question of initial cost is taken into consideration, the 
difficulty of maintaining a concrete reservoir, oil-tight and the low 
degree of safety from fire in the completed reservoir, it would 
appear to be more economical and a greater degree of safety could 
be obtained by utilising all-steel tanks. 

One of the advantages claimed for the floating roof is that of 
safety, in view of the fact that there is no vapour space in which 
an explosive mixture can collect. This is admittedly the case 
when the roof remains perfectly gas-tight, but with a tank only partly 
full of liquid and a leaky floating roof, the condicions are, perhaps, 
worse than with an ordinary tank. 


SponTANEOUS COMBUSTION, 


The gases given off from sulphur crudes, and particularly from 
raw distillates from sulphur crudes, contain sulphuretted hydrogen 
and organic sulphides.,These gases react with the steel roof or wall 
of the tank, producing iron sulphide. Nascent iron sulphide is 
pyrophoric, that is, it so greedily absorbs oxygen that it becomes 
heated to incandescence. 

In a dry atmosphere this action may be dangerous and has been 
the cause of fires, but in a wet atmosphere, such as Great Britain, 
although the corrosive effects due to this action are extensive, 
the risk of fire is remote. 


Exp.LosivE MIXTURES IN STORAGE TANKS. 


Careful and extensive analyses have been made of the air/gas 
mixture in tanks containing crude and various products under all 
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conditions of emptying and filling. Theoretically there must be 
a point in every tank when it is being filled or emptied when ap 
explosive mixture exists. In these tests, however, the existence 
of a mixture within explosive limits was extremely rare. 


REFINERY AND Depot Layouts. 


The principal consideration for safety in laying out a refinery 
or depot is the provision of adequate spacing between the sections 
of the plant, taking into account possible future extensions so 
far as can be foreseen. This spacing isolates a fire to any particular 
section, provided supplemental arrangements are included to prevent 
burning oil spreading. 

The criticism of wide spacing is the increased area covered by the 
plant, which adds to the work of close supervision, and also to the 
cost, if, as may be possible, the site has a high land value. 

As a refinery water supply is necessary throughout the works for 
condensing and treatment purposes, the attachment of hydrant 
connections, a comparatively small matter, provides a supply of 
water for keeping adjacent plant cool in the event of a fire, but not 
of course as an actual fire extinguisher. 

Where of necessity units of plant must be closely assembled, 
fire walls should be provided and structural steel work should be 
cased in concrete or insulating bricks to prevent distortion and 
collapse due to heat. 

In the case of plant which is elevated on a structure, a small fire 
due to oil spilt on the ground may cause the collapse of the structure, 
with considerable consequential damage, which this protection 
would prevent. 

An additional precautionary measure following on the plant 
being laid out as above, is the ample provision of fire-extinguishing 
appliances of a portable nature, enabling outbreaks of fire to be 
dealt with promptly in the incipient stage. 

In addition bins containing sand and fire-clay should be provided 
for extinguishing oil burning on the ground, etc. 

It is probably a general experience that an oil fire which is not 
dealt with immediately by such means usually assumes serious 
proportions, and that a plentiful supply of such portable plant 
provides the most economic and effective method of defence. 

Should the size of the installation warrant it, portable plant should 
include rail and motor engines, fitted with special fire-extinguishing 
apparatus. 

In the provision of electric plant, advantage may well be taken 
of the experience gained in the sister industry to instal plant which 
is approved under the Home Office Rules for installation in fiery 
coal mines, 
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Electric flood lighting for the illumination of tank farms and other 
areas should and can be installed in such a way that no aerial or 
other lines are in proximity to the storage tanks and no portable 
lamps of any kind are necessary for any purpose. 

In pump houses and other buildings where due to leakage 
explosive gases may accumulate, the electric wiring, fittings, and 
switches can conveniently, and just as economically, be attached 
to the outside of the building. 


Static 


In fires of obscure origin the cause has frequently been attributed 
to a static discharge. Perhaps the main reason for this is the 
generally accepted fact that if dry petrol is passed rapidly through 
a pipe or violently agitated, static electricity is generated. This 
static electricity is produced by the friction of particles of petrol 
in rubbing one against another, in a similar manner to that obtained 
from a high-speed belt drive, a jet of super-heated steam or paper- 
making machines. 

There are divergent views as to whether the static electricity 
generated by such means has sufficient power to ignite an explosive 
mixture. A static discharge is “cold”; it lacks what the early 
motorist colloquially called “ fatness’ and for which the technical 
term is “ incendivity.”’ A static spark is cooled out of existence 
before an explosive mixture surrounding it has been raised locally 
in temperature sufficiently for combustion to take place. 

In the early “ dry cleaning ’’ processes, where benzine was agitated 
with silk goods, numerous fires occurred which were probably due 
to static electricity. Certainly the conditions were extremely 
favourable for its generation. The effective remedy in this case 
was to render the petrol or benzine particles conductive by the 
addition of a small percentage of a salt, such as magnesium oleate. 
Under these conditions static electricity cannot be generated. 

Explosions in washers have been attributed to static discharges 
and also to spontaneous combustion, as previously mentioned. 
From the point of view of fire risk the washer with a large dome 
roof is undesirable, as it provides space for the first essential, 
namely, the explosive mixture. The vapour space in existing 
washers should be as small as practicable and the judicious use of a 
small quantity of wet steam prevents the possible generation of 
electricity and also renders iron sulphides innocuous. Future 
washers should be of an absorption or pressure type where no 
vapour spaces can exist. 

The explosion a year or so ago which occurred in a road tank car, 
and which unfortunately resulted in fatalities, will probably 
be remembered. The means of ignition in this case could apparently 
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only be attributed to the generation of static electricity of sufficient 
incendivity to ignite an explosive mixture. The conditions were 
a rubber-tyred vehicle on a dry floor being filled through a manhole 
door by means of a flexible overhead pipe. This pipe was hanging 
through the opening, making no contact with the tank car. Duri 
the act of withdrawing the hose from the tank a static discharge 
took place between the tank body and the hose (the latter being 
presumably connected to earth, the car being insulated) sufficiently 
powerful to ignite the gas/air mixture which at the point of discharge 
must be explosive. 

A series of experiments were made soon after this accident, 
a road tank car was definitely insulated from the earth. The 
filling connection in this case was an armoured canvas hose 
normally attached to the road car by a screw coupler. 

This hose connection definitely connected to earth was temporarily 
insulated from the car by interposing a block of paraffin wax 
through a hole in which the petrol could flow into the road car. 

On passing petrol into the car at a reasonable high velocity, 
sufficient static electricity was generated to operate the leaves of an 
electroscope (galvanoscope). Any connection to earth immediately 
dissipated the charge (e.g., if the tank was touched by a person 
even wearing rubber-covered shoes). No actual discharges of any 
magnitude whatever could be produced. Further, the results varied 
considerably according to climatic conditions; on certain days, 
when the air was damp, no measurable statics were produced. 
It was difficult to maintain the insulation from earth of the road 
car ; dampness of the rubber tyres was sufficient to break down the 
insulation. 

With the armoured hose coupled in the ordinary way, no genera- 
tion was, of course, possible and even when the internal and external 
metal armouring was broken away, the canvas-rubber hose was of 
sufficient conductivity to inhibit the formation of a charge. 

Further experiments were carried out where all conditions were 
made favourable to an explosion. A tank containing petrol was 
suspended in the air at a considerable height with a vertical outlet 
pipe of small size in order to produce high velocity conditions. The 
lower end of this pipe was placed near to the inner wall of an open 
tank in which was a layer of petrol. Consequently, above the 
liquid petrol at some point an explosive mixture existed. Although 
discharges took place between the pipe and the wall of the tank at 
various points, it was impossible to produce an explosion. 

It is apparent that the risks of fire or explosion from statics 
generated in this manner are extremely small; and that in many 
cases this “ elusive spark ’’ has been blamed due to lack of evidence 
as to the rea] cause. 
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FRICTIONAL SPARKS. 


The possibility of causing a frictional spark is most commonly 
dealt with on tanks, etc., by using dissimilar metals, e.g., for the 
shell and cover of a manhole. 

It is doubtful whether any such frictional sparks would ignite 
an explosive mixture, but precautionary measures are very simple. 


Foam. 


Considerable progress has been made towards perfecting foam 
solutions. Most of these are based on the same principle involving 
the use of suitable chemical materials to produce not only the 
extinguishing medium CO, but also the material to form bubbles 
to hold the CO, in the form of a foam. 

Developments are in the direction of producing a foam of great 
tenacity utilising materials which are the least liable to deterioration 
in any climate. 

In the small portable extinguishers, the pressure due to generation 
of gas is sufficient for application. In the large units, the two 
solutions are pumped separately to mixing chambers fitted at 
suitable points, from whence the foam is projected. 

Fire insurance companies give a considerable rebate in premiums 
provided these installations are in accordance with conditions 
specified by them. 

There is a type of extinguisher, in which liquid CO2 is stored 
under pressure. When the pressure is released through a needle 
valve, carbonic acid gas is projected, together with a powder, 
which acts purely mechanically in training the gas particles for 
projection in the desired direction. It has the great advantage 
that little, if any, deterioration takes place in any climate. 

An attractive type of foam bas been developed in which water 
acting on a dry power produces the foam. This has many advan- 
tages ; it can be conveniently and economically attached between 
the hydrant connection and hose of any water system. As in 
many instances, water is provided for cooling purposes, this type 
of foam plant can be expeditiously and economically installed. 
It has the further advantage that with adequate supplies of powder 
and water supply the production of foam is continuous, whereas the 
foams mentioned above ate limited in capacity to the size of the 
containing vessels. 

Of the various extinguishers in which other than carbonic acid 
gas is employed, that in which carbon tetra-chloride forms the fire- 
extinguishing medium is probably the most powerful known. 
It has the advantage over the various foam-producing media in being 
stable under all conditions and for all time. It has a high insulating 
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value, and is consequently specially adaptable for extinguishing 
electrical fires. The disadvantage is that due to its nature it must 
be used in the form of a jet, and this is not so effective in extin. 
guishing an incipient outbreak as, say, a two-gallon foam 
extinguisher which more effectively “ blankets” the fire zone. 
Ordinary fire-fighting appliances such as hose, hydrants, valves, 
etc., require a certain amaunt of maintenance to ensure that when 
required they are ready and fit for service. Thesame applies to foam 
installations whether fixed or portable. _ It is also necessary for opera- 
tors to be perfectly familiar with their use, so that in emergency 
the appliances are commissioned with essential promptitude. 
Until any foam solution has proved its reliability in any particular 
climate it should be emptied and refilled periodically, and this should 
be done by future operators and so enable them to gain experience 
in their use. 


LIGHTNING. 


When, due to various causes, a high potential difference exists 
between two clouds and/or between them and earth, conditions may 
arise which a violent disruptive electrical discharge takes place, 
which is commonly known as “ a flash of lightning.”’ 

The more common condition probably is that where equilibrium 
is established by silent discharge, particularly between a cloud and 
earth. Most of us have seen the experiment in the laboratory 
with the spark formed alternatively between parallel plates, spheres 
and points, each pair being the same distance apart. In the 
first case the voltage necessary to jump across the gap is very high 
and the discharge is of a violent nature. In the last case the 
voltage is much lower and the spark is, by comparison, almost 
silent. This is a condition which is operating almost continuously 
and in areas, such as Lancashire, with a great number of chimneys 
fitted with lightning conductors, or in a tank farm or refinery 
similarly equipped, equilibrium is established by slow leakage and 
seldom by a disruptive discharge. The finials on a gasholder, the 
elongated handrail stanchions on storage tanks, steel chimneys 
or those fitted with lightning conductors, all provide assistance in 
this direction. It might be naturally suggested that in such cases, 
should equilibrium fail to be established with sufficient rapidity, 
that disruptive discharge would take place with resultant damage 
to these points. By experiment and in actual practice, this is not 
the case. Experiments in the last few years have thrown con- 
siderable light on a matter which was previously little understood. 

A disruptive discharge, particularly, may be accompanied by 
subsidiary discharges and also, a more important consideration, 
causes induced charges in the immediate vicinity. 
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There is no method of protection for anything which happens to 
be in the path of the main “ flash of lightning ” and the protective 
devices known as “ lightning arrestors ’’ are intended to reduce or 
release the effect of the induced charges. 

These induced charges which break down the gaps, such as that 
between an insulated wooden roof and earth, are far more frequent 
than direct “ hits.” 

The maximum security is obtained by bonding the whole structure 
securely to earth, so that these differences of potential cannot exist. 

In most countries, the precautions or insurance against damage 
by fire, an Oil Company takes, may be placed under three headings : 


(1) The ordinary insurance cover on plant and stocks with 
Insurance Companies. 

(2) There are also compulsory local regulations to be complied 
with, some of which, such as spacing and bunding of storage 
tanks, are reasonable. Others not so reasonable or necessarily 
effective and possibly dangerous. 

(3) The third and most important is the insurance by the 
company against consequential loss of profits. This is provided 
at fields, refineries, and distributing depots by design in layout, 
disposition of plant, wide spacing wherever economical, high 
grade fittings, fire walls, emergency arrangements for rapid 
transfer of oil, and similar precautions. These precautions 
become such an established feature in ‘many cases that full 
credit is not assigned to them as the greatest fire protection. 
They, in effect, make the ordinary insurance a “ good ”’ risk. 


Tankers.—The history of the development of marine transport 
of oil was ably dealt with in the paper read before the institution 
by Mr. Barringer (Proceedings, May, 1915), and since that time 
progress has been continuous. 

As a result the modern tanker includes in its equipment most, 
if not all, of the precautionary devices incorporated in a present 
day land installation. 

The rules and regulations in many ports governing the loading 
and discharge of petroleum have not been revised appreciably 
since the early days when any type of cargo boat was adapted 
to carry petroleum. 

As an example the compulsory provision of shore steam for 
discharging cargo, may be quoted. 

In insisting on the provision of a steam supply from shore and 
allowing, as in some cases, the whole crew to live and sleep on board 
during loading and discharging, the main principle of safety is 
lost sight of. Each member of the crew with no work to do, is 
a potential fire risk. 
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The period when there is greater risk is when oil is in motion, 
being actually loaded or discharged. This time should consequently 
be reduced to the minimum. The staff on board or in the vicinity of 
the vessel should be the minimum necessary to carry out the 
operation. 

Another example is that where ships maintain their own steam 
for discharging purposes, but all fires are “ drawn ” when loading. 

It is true that in the former case—discharging—fresh air is drawn 
into the tanks, whereas in loading, the expelled air is mixed with 
petroleum vapour, and consequently may be considered the more 
dangerous operation, although opinions are by no means unanimous 
in regard to the safety obtained thereby. In effect there is an 
added fire risk arising out of the precautionary measure. 

When the fires are “drawn” the flues, coated with soot to a 
certain extent, cool down. The soot is loosened and on relighting 
the fires a miniature pyrotechnic display often results, which may 
be a danger, not only to the tanker itself, but to other vessels or 
plant in the vicinity. 

It is true that a number of the ports recently opened for petroleum 
traffic have modernised their rules, so far as their Government 
Regulations will permit. It is suggested that the time has not 
only arrived, but is long overdue, when new regulations should 
be drawn, based on up-to-date experience and eliminating the 
obsolete and frequently onerous regulations which are at present 
compulsory, and in some cases their imposition is a danger rather 
than a safety precaution. 

In conclusion, it will be obvious that these notes by no means 
fulfil the promise of the title. It is hoped, however, that subsequent 
discussion and possibly further notes will provide a useful contri- 
bution to the institution proceedings. 

In addition, a correlation of the practical experience of its 
members should place the institution in a position to issue authori- 
tative recommendations in cases of fire or explosion risks which 
are of paramount importance to the industry as a whole. 


DISCUSSION, 


Mr. H. Barringer, in opening the discussion, thought it would 
be agreed that the author had given a very valuable Paper on a 
most important subject, perhaps the most important point in con- 
nection with the handling of petroleum. He agreed with the author 
that sufficient attention had not been given to the subject of fire 
and the combating of it. He had been much interested in the 
spacing of tanks illustrated on a slide shown by Mr. Dalley. On 
the oil farms in the New Orleans district he had been struck by the 
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fact that the tanks were very widely spaced, and he was informed 
that the reduction in the amount of the insurance premiums more 
than covered the extra cost of the land, the length of pipe, fittings, 
ete. Most of the tanks in that case appeared to have a flat roof 
with 6 ins. of water onthe top. The ebullition of water at the bottom 
of the tank in the case of the fire referred to by the author struck 
him as being particularly interesting, as he did not think it could 
have been anticipated that such a result would occur. The only 
way in which he thought it could be accounted for was that solid 
bodies of water must have been projected through the intense heat 
of the flame and converted so suddenly into steam that what 
amounted to an explosion occurred. He did not see how an 
ordinary ebullition of steam could blow portions of the roof for a 
distance of three miles. He did not know whether that had ever 
occurred before in a steel tank, but it was certainly a very inte- 
resting point as to how such explosions did occur. With reference 
to the question of making adequate provisions against danger from 
lightning, he was inclined to think that the erection of towers in 
the vicinity of tanks might be a possible source of danger. It was 
undesirable in every way to attract lightning. In the still air of a 
tropical climate it was not always a direct hit that caused a fire. 
| So much vapour might be floating about that the fire took place 
in the air before the lightning had made a direct hit. If any masts 
were erected at all he would be rather inclined to erect them at 
some distance from the storage in order, if possible, to draw the 
storm away, as he thought to erect posts around the storage, as 
shown in one of the slides, was a possible source of danger. He 
quite agreed with the author that a tank with extended stanchions 
and no insulation between the foot of the stanchion and the edge 
of the tank was about as good a protection as it was possible to 
produce, provided the tank was well earthed. He did not think 
any danger was to be anticipated from a direct hit on a tank. 

Mr. Harold Moore said one point which occurred to him was in 
regard to the effect of tube stills versus capacity stills. He thought 
the modern tendency to cut out capacity stills and heating vessels 
of the capacity type would have greatly reduced the risk of fire on 
the operating side of the refinery as distinct from the storage side. 
He was also interested in the statement made by the author that he 
considered kerosine was much more dangerous than spirit in view 
of the risk of forming an explosive mixture in the upper portion of 
the partially filled tank. That was a point which had been con- 
sidered recently very carefully. Many questions in connection 
with fire risks had been raised at the inquiry in regard to the Port 
of London which was taking place at the present time, and it was 
a pity the paper was not read before that inquiry was held in order 
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that the points it raised might be taken fully into consideration, 
He thought most of the information that had come out in cop. 
nection with the inquiry had had less to do with the actual refinery 
and storage than with the question of collisions at sea, a subject 
which the author had been unable to deal with very fully in the 
limited time available for the paper. 


Mr. A. MacDougall endorsed the opinion held by the author 
and Mr. Barringer that lightning conductors as originally installed 
were a source of danger to a tank. For thirty years he had been 
concerned with the erection of such tanks, and the protection 
against lightning consisted in the erection of posts in the centre of 
the tank, with a ball and spikes and a copper ribbon over the side 
of the sank. He watched such apparatus and noticed after a while 
that the lightning was apparently very often attracted by such 
lightniag conductors under certain conditions of weather. He 
found that it was better to have the stanchions of the handrail 
pointed all round the tank and to treat the tank itself as a conductor. 
He agreed with the author that the steel vessel should very carefully 
be earthed in several places, and that there should be nothing which 
prevented electrical contact in any part. He had not had experience 
in other countries, but from his experience in this country he thought 
that under those circumstances it would be found that petroleum 
could be stored with perfect safety. One danger which had not 
been alluded to by the author was the hose connections. He 
preferred a loose foundation to any other type of foundation for a 
tank ; but when a tank was first put down, no matter how carefully 
the foundations were prepared, there must always be a settlement, 
and it was impossible to say what the amount of the settlement 
would eventually be. Consequently it was impossible permanently 
to connect up, and it was necessary to use hose connections for, say, 
twelve months in order to give the tank a chance of settling to its 
final bed. After that it was possible to connect up permanently. 
It is obvious, therefore, that during the interval of connection by 


hose, burning oil could not be dealt with, as any hose would be ° 


quickly destroyed. Properly constructed, earth-retaining mounds 
will retain petroleum outflow until it can be dealt with. 


Dr. A. E. Dunstan said that as Mr. Harold Moore had mentioned 
the enquiry being held in connection with the suggested by-laws 
put forward by the Port of London Authority he could not help 
thinking that had the paper been read at an earlier meeting of the 
Institution it might have saved many days’ work of that very 
laborious undertaking. He was very glad to have the opportunity 
of saying a few words on a paper dealing with a subject of constant 
importance to the Institution, especially as it was written by a 
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member who was his oldest colleague in the industry. In particular, 
he desired to emphasise the last few words of the paper in which the 
author put forward the suggestion that the Institution was the 
one body which was eminently qualified to make proposals to 
Government authorities and institutions generally in regard to 
effective precautions for the safe handling of petroleum and its 
products. There were two points in the paper that interested him 
greatly, the first relating to the question of the incendivity of 
statics. He remembered many years ago at Oldbury in connection 
with the manufacture of T.N.T., where large vessels were employed 
in which were agitated strong nitric and sulphuric acids with 
mononitro toluol, that alarming statics developed. Sparks could 
be got off the stirring gear of considerable length. That very 
alarming phenomenon was brought to the notice of eminent authori- 
ties, who measured the considerable potential difference between 
the various parts of the plant. But in spite of all that potential 
difference the statics themselves possessed no incendivity and 
played perfectly harmlessly round about a highly explosive 
material. The second point to which he wished to refer related to 
the incendivity of metallic sulphides, a point which had interested 
the author and himself on more than one occasion. It was true 
that on taking specially prepared ferrous sulphide and passing a 
current of warm air through it the whole material would ignite. 
In point of fact, that had been definitely put down as the cause 
of one or two fires; but taking all such things together, he was 
inclined to think that it was possible to search for a very much 
more likely source of incendivity than such chemical phenomena. 
The Chairman, in closing the discussion, desired particularly to 
thank the author for the very handsome testimonial he had paid to 
the “‘ Standard tests’ book of the Institution. That book was 
under revision at the present time. Dr. Dunstan had endorsed 
the suggestion at the end of Mr. Dalley’s paper that members of the 
Institution might do useful work in regard to bringing fire regu- 
lations up-to-date so far as petroleum was concerned. That sug- 
gestion would no doubt be considered in due course and might 
bear fruit. Coming to the subject of the paper the Chairman said 
it was perhaps rather unfair to the author, after he had covered so 
much ground in such exhaustive fashion, to suggest that he might 
have covered a little more. Personally, he would have liked to have 
heard, in addition to particulars of precaution at refineries and 
storages, something further about accidents from lightning and 
s0 on at the wells themselves. He did not overlook that Mr. Dalley’s 
first slide exhibited a control fitting used on the field, which the 
author described as ‘‘ robust,” a good word which the author acted 
up to in all his engineering practice. He would like to know how 
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far the use of such better systems of control had reduced the 
number of fires that used to destroy more oil at the wells than was 
ever destroyed by fires in tanks. He did not know whether the 
author had made any study of that nature. He would next refer 
to “concrete”’ storage tanks. The trouble that arose in their 
use was usually in regard to the cracking of the concrete through 
bad mixtures or extremes of heat and cold, etc., but he did not 
remember that any serious question had been raised of fire damage 
previous to the instances quoted by Mr. Dalley, due to the imperfect 
junction between the wooden roof and the concrete walls. Ten 
years ago concrete storage was regarded as a success in California 
in particular, whether due to the climate or the nature of the soil 
he did not know, whereas it had not been a very great success in 
Oklahoma. He thought most of the members would agree that 
there was not very much chance of concrete storage in ordinary 
circumstances beating the steel tank, but there might be places 
where conditions were favourable. The author stated that: 
“* When the question of initial cost is taken into consideration, the 
difficulty of maintaining a concrete reservoir oil-tight and the low 
degree of safety from fire in the completed reservoir, it would appear 
to be more economical and a greater degree of safety could be 
obtained by utilising all-steel tanks.” A few paragraphs earlier 
in his paper the author stated: “It is of particular interest to 
note that the only large reservoir with a wooden roof which was 
not involved in the fire had the eaves sealed in a concrete trough 
water seai all the way round.” He desired to ask whether the 
author had taken the latter paragraph into account when he 
pressed an opinion in favour of the all-steel tank, i.e., supposing 
other circumstances were favourable to the use of concrete tanks, 
would the use of the water seal make it as economical as the steel 
tank ? The author had referred in the paper in a rather qualified 
way to the providing of a bund for each tank. During the delivery 
of his paper he seemed to be more emphatic as to the utility of 
bunds. Did the author make the original qualification from the 
point of view of topography, or did he mean that in certain circum- 
stances a bund for a group of tanks and not for each one was all 
that was necessary ? 

It afforded him much pleasure to propose a very hearty vote of 
thanks to Mr. Dalley for his exceedingly interesting paper. 

The vote of thanks was then put and carried by acclamation. 

Mr. C. Dalley, in reply, said he thought he could best answer 
the question Mr. Barringer raised with regard to the immunity of 
the storage tank by using as an analogy the generally accepted 
practice in connection with ordinary aerial lines, not only in this 
country but almost universally. 
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The earth-wire is carried right through from end to end of the 
line fastened on the posts carrying the conductors and mounted 
above. This earth-wire is effectively earthed at each end and also 
at various points along the route. This, in effect, brings the aerial 
lines below earth. 

Taking, therefore, the large area of the tank farm, if each of the 
tanks is securely and firmly connected to earth, the whole area 
becomes earthed and the relative area of the tanks themselves by 
comparison with a very much larger area which the lightning 
might choose to strike, means that the risk of any individual 
tank being struck is very remote. 

This has definitely been proved in practice. He could not too 
strongly emphasise the real meaning of the word “ effective earth.” 
Inthat connection he desired to mention a case he had met with, not 
in the oil industry, but in the coal industry in a valley in South 
Wales. 

Here the aerial lines were earthed in the old-fashioned method with 
galvanized iron wire connected to cross-arms and finishing in a coil 
at the butt of each post. These posts were all erected in a par- 
ticular stratum of rock. Some miles further up the valley there 
was an old colliery tip on which a head gear had been erected and a 
shaft sunk into that particular stratum. There was no electrical 
plant within several miles. A complaint was made by the operators 
in this shaft that they received electric shocks when they touched 
the bucket as it was lowered and this complaint was ignored until 
finally the men refused to work. This incident occurred during the 
extraordinary dry season of 1911. 

What had happened was that in one or two cases the insulator 
carrying the aerial lines had fractured and allowed the electrical 
energy to leak on to the earth-wire. This literally charged up the 
rock in which the posts were embedded to such an extent that when 
the operators standing on this particular stratum touched the 
bucket or anything other than that particular stratum connected 
toearth, they received a shock. In other words, due to the extra- 
ordinary dry conditions prevailing, this particular stratum of rock 
was insulated electrically from anything above or below it. 

This provided a very excellent example of the real meaning of 
an effective earth. 

With regard to the remarks made by Mr. McDougall, it had not 
always been his experience that there must be a settlement of tank 
foundations, and that consequently flexible hose connections were 
anecessity. In any case, if the internal fittings mentioned as the 
third precautionary measure in storage tanks were included, the 
failure of any exterior connections would be immaterial. 
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In reply to Sir Frederick Black’s question, who asked whether 
in recent days the number of fires in oilfields had been reduced 
by the use of improved types of fittings, he thought he could reply 
in the affirmative, but it was very difficult to give actual data, 
because under certain conditions there was a wild rush to get the 
oil out of the ground without any real precautions being taken. 
In some cases legislation was a little lax, and in other cases congested 
areas had to be dealt with in which no regulations or precautions 
would absolutely eliminate the risk of fire spreading. For instance, 
in some of the Rumanian fields, where the derricks were of wooden 
construction and possibly soaked with oil, and also in a congested 
area it was a very difficult thing to deal with a fire. He could 
only revert to the old adage that prevention of every kind was better 
than cure, and that the great essential was to attack the fire in its 
incipient stage. With regard to the question asked in regard to 
concrete storage, that dealt with a very wide subject quite apart 
from the question of safety. A concrete reservoir could be made 
perfectly safe from a lightning point of view by effectively ensuring 
that the roof was definitely connected to earth 

In the instance to which he had referred a cut had been made 
in the concrete all round, where the roof came down and the metal 
of the roof was turned over into the water seal with which the cut 
was filled. The concrete would have a reasonably good earth 
and there would be no possibility, however much gas was coming out, 
of getting an induced charge across, because they would be at the 
same potential. In other words, the iron sheeting roof would never 
build up a charge; it would always be like a leaky condenser. 
The point he intended to make in showing that slide was the expense 
the owners had incurred in order to try and save their existing tanks 
from a similar fate. If they had an alternative they might still 
use concrete tanks, but they would probably build them in a 
different way so as to ensure that the induced discharges could 
not take place. The question of the compulsory construction 
of bunds was one which had often caused him much irritation. 
A bund was originally intended to be put round a tank in order 
to hold the oil which ran out of it when it collapsed. He spoke 
subject to correction, but he had never yet heard of a bund which 
was put down for that purpose which had ever functioned. It 
might be extremely useful in retaining the oil in the case of a 
leakage from a valve; but the idea of having a bund which was 
not only 100 per cent. capacity of the tank but 25 per cent. on the 
top of that and which entailed considerable expense was a thing 
that had always irritated him When the people who were respon- 
sible for making such regulations were pressed they sometimes 
replied that one bund should be put round four tanks, giving a 
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25 per cent. capacity, the argument apparently being that only 
one tank was allowed to collapse at a time. Where the topography 
of a country was such as to require it, there should be a bund or dyke 
or some such method adopted in order to transfer the oil to a place 
in which it could be handled in the case of a bad breakaway. He 
did not, however, agree with the original bunds which were used in 
the early days, which involved the expenditure of many thousands 
of pounds for no useful purpose. He desired to add a few remarks 
in regard to Dr. Dunstan’s statements in connection with the 
incendivity of static sparks. Probably many of the members 
had been through a paper works and had noticed that static 
electricity to a considerable amount was generated. Small brass 
chains were employed as earth dischargers, and under extreme 
conditions sparks sufficient to prick a hole in a piece of paper were 
produced. The same thing occurred in connection with “ frictional ”* 
sparks. One of the places in which plenty of frictional sparks 
could be seen was in a colliery underground on the wire rope which 
drew along the trams. If such frictional sparks had had sufficient 
incendivity to ignite an explosive mixture he would not have had 
the pleasure of being present at the meeting that evening. Mr. 
Harold Moore had referred to the question of pipe stills. All such 
developments were in the direction of progressive safety, just 
in the same way as one hoped in the future that all washers employed 
would be totally enclosed or under pressure or absorptive, so that 
the amount of material in the washer at any moment would be 
small. One point he had omitted to mention was that static 
electricity was undoubtedly generated under certain conditions, 
and it was so easy to blame static electricity when there was an 
obscure origin of a fire. It could be very easily broken down in 
the case of a road tank car if the hose was allowed to lean against 
the side of the manhole. If one was in doubt in connection with 
pumping petrol at a high veiocity through a pipe all that it was 
necessary to do was to enlarge the diameter of the pipe just before 
the end of the pipeline so that the velocity of oil was reduced. 
There was no storage of static electricity at all ; there was no power 
in it and it was very easy to dispose of. He admitted freely that 
it was eS o but it could very easily be dealt with. 

The meeting then terminated. 
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INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


Tae One Hunprep MEETING of the 
Institution of Petroleum Technologists was held at the House of 
The Royal Society of Arts, John Street, Adelphi, W.C. 2, on Tues. 
day, 28th February, 1928, at 8.30 p.m., Dr. A. E. Dunstan, Vice. 
President, occupying the Chair. 


The Chairman, at the opening of the meeting, apologised for the 
unavoidable absence of the President. 


The Secretary read the following proposed alterations to the 
By-Laws, which had been approved by Council :— 


Section ITI. Para. 5 to be altered to read “. . . Every candidate 
for admission as a Student shall be not less than eighteen year 
of age or more than twenty-five years of age and shall . . .,” 
and the following sentence added “‘ Provided, however, that the 
Council may in their discretion extend the limit beyond twenty-five 
in special cases.” 

Section ITI. Para. 7 Add the following sentence “ Provided that 
the Council may in their discretion appoint Honorary Members 
during the tenure of some particular official position.” 


Section IV. Para. 4 to be altered to read as follows: “ Every 
Student shall, subject to any extension granted by Council, 
before reaching the age of twenty-five years qualify himself 
to be an Associate Member and shall obtain transference into 
that class in accordance with the preceding Article. In the 
event of any Student not so qualifying himself and not obtain- 
ing transference into the class of Associate Member ; he shall 
either (a) Apply for transference into the class of Associate or (b) 
be removed from the roll of Members of the Institution. The 
Council may, however, in their discretion permit a Student to 
remain a Student for such period beyond the time when he 
has reached the age of twenty-five years as they may think fit.” 


The Chairman said it was unnecessary for him to introduce 
Prof. Wheeler, who was about to read the paper. In the first place 
because he was a Member of the Institution, and in the second 
place because he had acquired an international reputation by his 
researches on flame propagation, not only in connection with the 
petroleum gases with which some of the members were accustomed 
to deal, but in general with explosive mixtures of all sorts. 
The following paper was read by Prof. Wheeler :— 
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Flame Characteristics of Pinking’’ and Non-Pinking ”’ 
Fuels. 


By G. B. Maxwett and R. V. WHEELER. 


Untess a light high-speed internal combustion engine can be 
designed to operate on some cycle other than the constant volume 
cycle, the Otto four-stroke engine is’ likely to hold its own for 
automobile and air-craft use. The considerable increase in 
efficiency obtained with this cycle by increased initial compression 
is thoroughly realised. So also is the attendant evil, “ pinking,” 
to which increased initial compression may lead. 

At present there seems to be a deadlock. Engine designers 
recognise the desirability of producing high compression engines, 
and are prepared to supply them if the common run of motor 
fuels can be used in them. Ricardo’, for example, paying due 
regard to foundry and machine-shop difficulties, weight and 
mechanical efficiency, considers that an engine having a 7-5 to 1 
compression ratio could readily be constructed. Unfortunately, 
even the most carefully blended petrols pink in the average engine 
of 2} to 3-inch bore when the compression ratio exceeds 5 to 1 ; 
whilst the amount of “‘ dope ” that would have to be added to enable 
a 7-5 to 1 compression ratio to be used would be excessive. 

We have long considered that a solution of the problem might 
be obtained through a close study of the movements of the flame, 
simultaneously with measurements of the development of pressure, 
during an explosion within the cylinder of an internal-combustion 
engine. We have during the past two years had the opportunity 
of carrying out preliminary experiments with respect to such a 
study and this paper places on record some of the results of these 
preliminary experiments. 

It is not easy to provide the combustion space of an engine 
cylinder with a continuous window through which the explosion 
can be photographed*. We have not as yet attempted to do so, 
but have confined our attention to explosions within a closed 
cylinder, without a moving piston, under conditions which enabled 
a pinking or a non-pinking explosion to be obtained at will. 

A photograph of the explosion-vessel is reproduced on Plate I. 
It is a cylinder of stainless steel of 6 in. internal diameter. Of 
the two end-plates, one carries the sparking-plug, centrally, and the 
other an optical pressure-indicator of the diaphragm type, similar 
in construction to the Rice manometer used by the United States 


* The nearest approach to such an arrangement has been made by 
Ricardo, who provided the cylinder head with a series of small windows 
through which the flame ‘could be photographed stroboscopically. 
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Bureau of Mines. When these end-plates are bolted on, the interna] 
length of the cylinder is 15 in., but this can be reduced to 10 in, 
by the use of a special bucket-shaped end-plate at the ignition 
end. There is a slot in the cylinder wall, } in. wide, extending 
from within 1 in. of the ignition end to the other end (i.e. 14 in, 
long), fitted with a plate glass window, } in. thick. A photograph 
of the flame of the explosion as it passes this window can be obtained 
on sensitised “‘ Lumiére” paper attached to a rapidly revolving 
drum. A continuous record of pressure development is obtained 
from the optical pressure-gauge at the same time. 

The explosive mixtures were prepared in gas-holders and analysed 
before use. The cylinder was evacuated and a sufficiency of the 
chosen mixture admitted, the pressure being adjusted as required. 
Ignition was effected by breaking the primary circuit of an induction 
coil, in the secondary circuit of which the sparking plug was 
included. The moment of ignition was recorded by photographing 
a spark at a second gap, outside the cylinder (in series with the 
sparking - plug), on the sensitised paper revolving at a known 
speed. This speed was determined from the photographic record 
of a series of sparks, produced throughout the explosion, from 
an electrically maintained mercury-break tuning-fork of 10 


frequency. 
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I. Expiosions oF MIXTURES OF PENTANE AND AIR. 


Pentane was chosen as the most suitable pinking fuel, as being 
a paraffin of sufficient volatility to allow of mixtures throughout 
the range of inflammability being prepared at room temperature. 
Moreover, it can readily be obtained pure, as supplied for photo- 
metric purposes. 

(A). Initial Pressure One Atmosphere.—At atmospheric pressure 
and 15°C. the range of inflammable mixtures of pentane and air 
lies between 1-5 and 4-5 per cent. pentane by volume (i.e., between 
about 26-5 to 1 and 8-5 to 1 air/pentane by weight). The theoretical 
mixture for complete combustion contains 2-55 per cent. pentane 
by volume (15-4 to 1 air/pentane by weight). 

We are mainly concerned in this paper with the characte: of 
the flames produced during the explosions and therefore, to avoid 
complication, will omit the results of the measurements of the 
pressures developed and the speeds of the flames. 

Figs. 1 and 2 are typical photographs (greatly reduced in size) of 
the combustion of pentane-air mixtures approximating in strength 
to (perhaps rather weaker than) that which would give the maximum 
power in an engine. Such a mixture would contain about 3 per 
cent. of pentane by volume (13 to 1 air/pentane by weight), for the 
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FENTANE 28% 
4ATM 15°C. 


PENTANE 3-0% 
1 ATM.15°C 
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PENTANE 3:8% 
+PbEt4 vapour 2 ATM.15°C 


PENTANE 3-8 
+Pb Et, decomposed 2ATM.15 C 
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highest as well as the most rapid development of pressure is 
obtained therewith in a closed cylinder. The flame can be con- 
sidered as moving from the bottom to the top of the paper which 
itself is moving from left to right. Opposite to the first photograph, 
a diagram of the window in the cylinder, through which the flame 
is photographed, has been drawn, strengthening bands which 
obscure the window at two points being shown in black. The 
records of the tuning-fork (the intervals between each are 
1/100th sec.) appear below the flame photograph, and the 
pressure record is at the bottom. Two horizontal lines have been 
drawn on each photograph to mark the boundaries of the 
window, whilst from the spot marking the time of ignition a 
perpendicular has been drawn to the base line of the pressure 
record. 

From Figs. 1 and 2 it appears that, when “ maximum power ” 
mixtures of pentane and air are ignited under the conditions of the 
experiments, a flame passes through the charge with an accelerating 
speed until it is slightly beyond the mid-point of the cylinder. 
Here the flame is checked and travels at a slower, and nearly 
uniform, rate until it reaches the end-plate. Beyond the point of 
check, the shape of the flame alters, the records showing a luminous 
“ skirt ’ behind the flame-front. The flame photographs also show 
a faint glow from the end-products up to the moment when the speed 
of the flames was checked, dying slowly away towards the ignition 
point. A more actinic after-glow begins slightly before (Fig. 1) or 
simultaneously with (Fig. 2) the arrival of the flame-front at the far 
end of the cylinder. This after-glow lasts nearly 0-1 sec. in Fig. 1 
2-8 per cent. pentane), but is of shorter duration in Fig. 2 (3-0 
per cent. pentane). 

The pressure-records show an even rise of pressure up to a maxi- 
mum, which is attained at the moment when the flame-skirt reaches 
the end of the cylinder. In experiments in which a more sensitive 
diaphragm was used for the pressure-gauge, the pressure-record 
showed a slight check in the development of pressure corresponding 
in time with the check in the movement of the flame. No sound was 
heard during the explosion of these, and weaker, mixtures. 

When a rather richer mixture was used, containing 3.5 per cent. 
pentane by volume (11 to | air-pentane by weight), a new feature 
appears in the photographs (see Fig. 3). There is, as before, a 
check in the progress of the flame (with a simultaneous change in 
its character) slightly beyond the mid-point of the cylinder, followed 
by a slower, more uniform, movement. This slower speed of flame 
does not, however, continue throughout the remainder of its travel, 
as in Figs. 1 and 2, but rapid vibrations, with an abrupt acceleration 
in the mean speed, occur shortly before the end of the cylinder is 
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reached. No after-glow is apparent in the products of combustion 
behind the flame-front until this rapidly vibrating flame reaches the 
end-plate. At that moment a faint glow (it is clearer in the original 
photograph than in the reproduction) travels at an exceedingly 
high speed throughout the cylinder. The pressure record for this 
mixture shows vibrations of the same frequency as those of the 
flame and synchronising with them. A mild “ ping” accompanies 
the explosion. 

Mixtures containing between 3-5 and 4-0 per cent. of pentane give 
flame and pressure records similar in appearance to Figs. | and 2, 
whilst the records given by mixtures containing more than 44 
per cent. of pentane show an almost uniform speed of flame, with 
an ill-defined flame-front. None of these rich mixtures produces 
an audible explosion. 


(B). Inrrta, Pressure GREATER THAN ONE ATMOSPHERE. 


Figs. 4 to 12 have been chosen to show the effect of an increase in 
the initial pressure on the explosion of pentane-air mixtures. The 
experimental procedure was as in the first series, except that, after 
the cylinder had been evacuated and filled with the required mixture 
at one atmosphere, a further supply was forced in by means of a 
hand-pump until a Bourdon gauge indicated a pressure slightly in 
excess of that required. A sample was then withdrawn from the 
cylinder and the pressure adjusted. 

Mixtures containing less than 3 per cent. of pentane behave 
similarly on explosion whether at 1 or at 2 atms. pressure. For 
example, Fig. 4 is a record of the explosion of a 2-8 per cent. 
mixture at 2 atmos. initial pressure (cf. Fig. 1). 

A 3 per cent. mixture gave no audible note on explosion at | atm. 
initial pressure (Fig. 6), but when the initial pressure was raised to 
1} atms. (Fig. 5) a faint “ ping” was heard. The pressure record 
shows rapid vibrations which began just after the movement of the 
flame front had been arrested by the end of the cylinder. From 
the original photograph it can be seen that the flame vibrations 
occurred in the luminous “ skirt” rather than in the flame-front. 
When the initial pressure was 2 atms. (Fig. 6), the “ ping” on 
explosion was louder and the vibrations of the manometer dia- 
phragm began earlier (at the end of the movement of the flame-front) 
and were of greater amplitude. 

The effects of the initial pressure of the mixture are perhaps most 
marked when there is 3-5 per cent. of pentane. Figs. 3,7 and 8 
are records of .the explosion of such a mixture when the initial 
pressure was 1, 1} and 2 atms. The three records are similar up to 
the moment when the movement of the flame-front, which is accelera- 
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ting and vibrating, is arrested by the end-plate of the cylinder. 
Subsequent to the flame-arrest, however, there is a marked difference 
in the result of the explosion dependent on the initial pressure. 
At 1} atms. and higher initial pressures, the whole of the products 
of combustion glows simultaneously, and vibrating striations 
appear on the records. The diaphragm of the manometer oscillates 
violently and in some instances it would seem that a shock-wave 
is set up, judging by the violent “kick’’ on the pressure-records. 
Arapid and considerabie increment in pressure occurs during this 
late stage of the explosion, showing that combustion is far from 
complete, although the flame-front has travelled almost through- 
out the charge of explosive mixture. At 2 atms. initial pressure, 
all mixtures containing between 3-2 and 3-8 per cent. of pentane 
produced results of this nature on explosion. All such explosions 
were accompanied by a high-pitched squeal. (See figs. 9, 10, 11, 
and 16). 

If the effects here described as taking place in our cylindrical 
explosion-vessel occur also in the engine cylinder, they would 
account for the high note and harsh running of a pinking engine. 

For comparison with the pinking explosions of pentane and air, 
we now studied the behaviour of a non-pinking fuel, benzene. 


II. Expiostons orf MIxTURES OF BENZENE AND AIR. 


The mixture of benzene and air which on explosion produces both 
the highest and the most rapid development of pressure contains 
3.0 per cent. of benzene by volume (or about 10 to 1 air/benzene by 
weight). The mean rates of development of pressure and of travel 
of flame in this mixture are somewhat higher than the corresponding 
values for the “maximum power” mixture of pentane and air. 
though the values for the pressures produced are about the same, 

Figs. 13 and 14 are typical of the explosion of benzene air mixtures 
at 1 and 2 atms. initial pressure. Fig. 13 (2-95 per cent. benzene 
at 15° C. and 1 atm.) resembles the records obtained under the same 
conditions for the corresponding pentane-air mixture, except that 
the flame-front appears to suffer greater alteration in shape after 
its first check. The after-glow is diffuse and lasts for a considerable 
time after the flame-front has passed throughout the vessel. At 
2 atms. initial pressure (Fig. 14) the difference in behaviour between 
pentane and benzene is most marked. Whereas at this pressure 
the explosion of the “ maximum-power”’ pentane-air mixture 
produces a sharp “ ping,”’ with rapid oscillations of pressure, that 
of the benzene-air mixture is inaudible. The after-glow in the 
benzene-air explosion is highly actinic and is almost continuous 
behind the flame-front. For comparison with the benzene-air 
explosions, which it closely resembles, a record obtained with a rich 
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mixture of carbon monoxide and air (45 per cent. carbon monoxide) 
is shown in Fig. 1g.18 This mixture was exploded at an initial pressure 
of 2 atms. 

The marked differences in the flame characteristics of explosions 
of pentane-air and benzene-air mixtures is sufficient to explain the 
difference of these fuels in an engine cylinder. We therefore carried 
out series of experiments with mixtures of pentane and air which 
had been found to pink on explosion in our cylinder at 2 atms, 
initial pressure, and to yield characteristic flame-photographs, 
varying the conditions in an attempt to suppress pinking by such 
means as are found effective in an engine cylinder. 


Ill. Tue Suppression or PInKkIne. 


(A). Reduction in the Length of the Cylinder—By the use of the 
bucket-shaped end-plate to which reference has previously been 
made, the length of the explosion-cylinder was reduced to 10 in. 
With this length of cylinder, the initial pressure of a 3-5 per cent. 
pentane-air mixture had to be increased to 2} atms. before its 
explosion produced any sound or the photograph of the flame showed 
any of the characteristics of pinking. When the length of the 
cylinder was 15 in. this mixture produced an audible explosion at 
1 atm. initial pressure. These observations are in accord with the 
well-known fact that the degree of pinking in an engine is very 
sensitive to variations in the distance between the sparking-point 
and the furthest point in the combustion head of the cylinder. 


(B). Turbulence.—The degree of turbulence of a mixture of pen- 
tane and air has a marked influence on the characteristics of its 
explosion. Fig. 16 is the record of an explosion of a 3-8 per cent. 
pentane-air mixture, initially quiescent at 2 atms. pressure ; whilst 
for Fig. 17 a mixture of the same composition, initially at a pressure 
of 24 atms., was rendered turbulent by the revolution of a two- 
bladed fan at 2,500 r.p.m. within the cylinder. The fan was 
mounted at the ignition end. It will be seen that the turbulent 
mixture on explosion (which was barely audible) yielded a perfectly 
smooth pressure curve. For Fig. 18 a 3-4 per cent. pentane-air 
mixture was employed, the initial pressure being 2 atms. Turbu- 
lence was produced by running the fan at 4,000 r.p.m. The 
explosion was inaudible. 

(C). Anti-knock Compounds.—Figs. 16, 19 and 20 illustrate the 
effects of the addition of a small quantity of lead tetraethyl to a 
mixture of pentane and air which normally produced a pinking 
explosion in our cylinder. For Fig. 16 an undoped mixture (38 
per cent. pentane) at 2 atms. initial pressure was used. Fig. 19 
is a record of the explosion of a charge of the same mixture contain- 
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ing a quantity of lead tetraethyl vapour corresponding with the 
addition of 2} fluid ounces per gallon of pentane. The explosion 
is accelerated and the after-effects are much more pronounced 
than with the undoped mixture. Indeed the “pink” at the 
moment when the progress of the flame was arrested by the end 
plate of the cylinder was so violent in this particular experiment 
as to throw the mirror of the optical indicator off its seating. 
When, however, the lead tetraethyl vapour is decomposed before 
igniting the mixture, the explosion is quite silent. In the experiment 
of which Fig. 20 is a record, the same quantity of lead tetraethyl 
was used as for the explosion illustrated in Fig. 19, but it was 
decomposed by heating it in a glass bulb at about 300°C., until a 
puff of smoke appeared. This smoke was carried into the 
explosion-cylinder by the charge of pentane-air mixture (3-8 per 
cent. pentane) as it entered. The movement of the flame is seen 
to be almost uniform. There is no well-defined flame front, but 
combustion appears to be continuous. The speed of the flame and 
the rate of development of pressure are greatly reduced. The 
explosion resembles in many respects that of a very rich mixture 
of pentane and air (over 4 per cent. pentane). In other experi- 
ments, the least trace of the smoke of decomposed lead tetraethyl 
was sufficient to prevent the production of a shock-wave, such as is 
recorded in Figs. 9, and 11. 

These results confirm the view of Egerton and Gates’, that it is 
the decomposition products of lead tetraethyl, and not lead tetra- 
ethyl itself, which have an anti-knock action. 

(D). Shape of Combustion Space.—Parallel experiments have been 
carried out on the explosion of mixtures of pentane and air in cubical 
and spherical vessels. In a cube or a sphere no mixture at 1 atm. 
initial pressure produced an audible explosion. When the initial 
pressure was 2 atms. there was a slight sound on explosion of a 3-5 
per cent. pentane-air mixture in a cube. The pressure record 
showed slight vibrations, but there was no indication of a shock- 
wave having been produced. 


IV. ComMPARISON OF PrnKING AND Non-Pinxinc EXPLosions. 


A study of the records from which those reproduced in this paper 
are selected reveals the following differences between a pinking and a 
non-pinking explosion. 

In a pinking explosion, such as those of pentane-air mixtures 
at high initial pressures, a delay has occurred in the completion 
of the combustion process initiated in or just behind the flame 
front. It would seem as though some additional impetus were 
required to cause the completion of the reactions. When this 
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impetus is given, for example by the production of a shock-wave 
when the accelerating, vibrating flame is arrested at the end of the 
cylinder, the combustion is completed almost instantaneously 
throughout the cylinder, with a consequent rapid increase in 
pressure. 

In a non-pinking explosion, such as those of benzene-air mixtures, 
there is no delay in the completion of the combustion reactions, 
but they are continuous (and long-continued) behind the flame- 
front. The type of “ afterburning” is, in fact, similar to that 
recorded for mixtures of carbon monoxide and air by Ellis and 
Wheeler‘ and, more recently, by David‘. 
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DISCUSSION. 


The Chairman (Dr. A. E. Dunstan) said that before throwing 
open the subject for discussion there were a few points he desired 
to raise. A short time ago the members had the honour of hearing 
Mr. Ricardo discuss the question of detonation or pinking from the 
point of view of the engineer, and on that occasion very few chemists 
had the temerity to air their views, the engineers in particular 
holding the field. He hoped on the present occasion that state of 
affairs would be reversed, and that the chemists present at the 
meeting would have their full say. 

It appeared to him that the authors’ work threw rather a new 
light on the whole subject of flame propagation in the engine in 
so far as the curious phenomenon of “ after burning” was con- 
cerned. He did not know whether the point had ever been raised 
before, but from the diagrams that had been shown “ after burning ” 
appeared to be peculiarly relevant to the general behaviour of an 
ordinary petrol or mixture in the engine cylinder. The second 
point which occurred to him was that most of the members who 
had run motors of various sorts had always had the impression 
that a benzole mixture or benzole itself was more slow in burning 
than the corresponding petrol mixture; but the evidence which 
the authors had brought forward appeared very conclusively to 
show that benzole was rather more rapid in its complete combustion 
and attended by a more insistent after-burning effect than was the 
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case with ordinary petrol. He noticed the authors indicated that 
their researches were still continuing, and he desired to ask them 
whether they contemplated studying the effect of some of the pro- 
detonators, or pro-knock materials, of which ethyl nitrite was a 
particular example. The authors would probably state that that 
line of investigation was going to be difficult, but they might 
have some indications to place before the members as to how the 
pro-knock worked as against the anti-knock in that particular 
type of flame propagation. The authors further pointed out that 
the effect of lead, thallium and so forth was apparently actually 
due to the dissipation of the fine dust of lead or thallium in the 
exploding mixture ; and he desired to ask them whether in that 
respect they subscribed to the views that had been put forward 
by Callender and Egerton. 

Mr. A. Egerton said the experiments carried out by the authors 
advanced the subject very considerably and the excellent photo- 
graphic records had been well worth seeing. The experiments 
interested him from two directions in that they threw a good deal of 
information on the phenomenon of knocking as well as the behaviour 
of anti-knocks. It was satisfactory to him to find that their results 
in both directions supported in considerable measure the work which 
had been done at Oxford. At Oxford a bomb with a window 
something of the same type but rather shorter than that employed 
by the authors had been used. Experiments were carried out with 
acetylene, as well as with pentane and hexane, and the check in 
the progress of the combustion that had been referred to had also 
been obtained. The authors ascribed that to the fact that the 
mixture reached the walls at that point and therefore was cooler. 
He wondered if that was the real explanation, because with a slow 
burning mixture that effect was not obtained ; and one would have 
thought that one would see the forward and the centre part of the 
flame as well as the “skirt” near the walls. The forward and 
centre part ought to be seen going faster than the part near the 
walls. As a matter of fact the records seemed to be quite sharp, 
and did not seem to tally with that view, and he had not liked it 
for that reason when interpreting his own photographs. Perhaps, 
however, he might be wrong in that assumption. It seemed to 
him that the check in the combustion was a matter of importance 
and showed that there was a change in the density of the gases in 
the bomb in that region. A change in density in the front of a 
flame-front necessarily set up a vibratory explosion and that 
eventually caused, more particularly in a rapid explosion, a very 
intense explosion. Therefore, in those cases a knock would be 
expected. The experiments show the importance of the dimensions 
of the bomb and having in mind the paramount influence of the 
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rate of rise of pressure, he inclined to the view held by Dr. Morgan 
on that subject and thought the matter required still further 
experimentation. He thought that the authors’ photographs 
were of great interest, but the more such photographs were looked 
at the more could be seen in them, and it took a long time to 
elucidate the various points they disclosed. 

It was particularly interesting to find that the lead ethyl had 
no effect on the knock until it was decomposed, in fact, the authors 
stated that it accelerated the explosion, which was exactly the 
result he obtained in the experiments he carried out in his own 
long detonation tube. As soon as it was decomposed and oxidised 
then it had an effect. That, of course, occurred in the compression 
stroke in an engine. During the compression stroke it had already 
burned to some extent and had got into a state in which it could 
affect the expolsion. It had been possible to modify the rate of 
flame travel by means of anti-knocks if they were such that they 
could be decomposed sufficiently rapidly in the narrow heated 
zone in front of the flame. For instance, iron carbide would 
modify the travel of a methane flame to some extent ; and in slow 
combustions of pentane mixtures it was found that with a weak 
enough mixture a change in the rate of the travel of the flame could 
be obtained. 


Dr. G. B. Maxwell (Joint Author) said he had really nothing 
to add to what his colleague had stated in presenting the joint 
paper, as he was unable as yet to offer any explanation of the 
phenomena observed. The authors had seen that a delay in the 
combustion occurred in a pinking explosion which was suddenly 
followed, when the necessary impetus was given, by a pink, but 
why the big difference occurrred between pentane and benzene 
they did not know at the moment. When he started the work he 
rather took the prevailing view that the difference between pentane 
and benzene was a difference in degree, although Ricardo had 
expressed the opinion that it was impossible to make benzene pink. 
One of the results which seemd to emerge from the experiments 
was that the difference between a paraffin in base petrol and benzole 
in an engine was a difference in kind. He desired to ask any of the 
engineers present if they had ever succeeded in getting benzole 
to pink in an engine, because it had always been put forward by 
Mr. Ricardo that it would pre-ignite and not pink. 

Mr. N. Stansfield, in replying to Dr. Maxwell’s question, said 
it would not pink at 10 to 1 and in a 7 to 8 inch cylinder. 


Mr. E. A. Evans said he had received an incentive to join in 
the discussion by the statement Dr. Maxwell had made that he 
was bewildered. Personally, he fully admitted that he, too, was 
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hopelessly lost in the whole subject, but he thought Members 
deserved sympathy because lead tetraethyl had only come within 
their knowledge in this country very recently, and those who were 
asked questions on the subject found them extremely awkward 
to answer. Only that afternoon it had been suggested to him that 
if one were to continue the use of Ethyl spirit one would knock the 
bottom out of the engine, and if the photographs which the author 
had shown were a true representation of what occurred one would 
fully expect that to be the case. It seemed that the flame travelled 
forward on to the end plate and then recoiled, and Prof. Wheeler 
had suggested that if the cylinder was shortened that effect was 
somewhat diminished. The particular engine referred to in the 
course of his conversation that afternoon was a long stroke engine, 
many types of which were in existence; and now the question 
arises whether it is an advantage to use a long stroke engine or a 
short stroke engine from that particular point of view. He also 
desired to confess his ignorance of the difference between a pre- 
ignition sound and a pinking sound. He used benzole mixture in 
his own motor car and knocking was produced when the engine 
was put under extra stress, but whether that was a pre-ignition 
or a pinking he did not know. 

Dr. R. Lessing said he did not think he had anything useful 
to say except to narrate the story of how anti-knock compounds 
were evolved. He had the privilege of being told what might be 
called a romance by the people who originated anti-knock com- 
pounds, Mr. Kettering and Messrs. Midgley and Boyd. When 
he was told how they eventually were led step by step to produce 
ethyl lead he was astounded at the kind of evolution that occurred 
in bringing about practical results. They originally started on 
entirely chemical lines and not on engineering lines. Mr. Kettering 
who, apart from his work on the subject of the paper, was responsible 
for the first practical self-starter, was an electrical engineer who 
worked on what was known as the one cylinder farm lighting set 
which was run in the States on kerosine rather than on petrol at a 
time when petrol was not easily available all over the country, 
especially in farms. That farm lighting set using kerosine with a 
one cylinder engine, gave a considerable knock which Mr. Kettering 
did not know how to remedy until during the War work was done 
in connexion with aerial navigation, when they made aero spirit 
by hydrogenating benzole. The idea which led up to that work 
produced a spirit which, although it had been expected would be 
better than an ordinary straight run petrol, was actually a greater 
knocker than anything that had been produced before. An 
attempt was made to remedy that state of affairs by a more or 
less empirical method. It was thought that radiation might have 
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something to do with the phenomenon; Mr. Kettering being a 
gardener, took inspiration from the effect of the sun’s rays on some 
red flowers. Acting along those lines he thought that by putting 
some colouring matter into the cylinder the knock would be 
remedied, and the only red material which could be thought of for 
the moment was bromine. Bromine was accordingly put into 
the spirit and it was found it had an anti-knock effect. It worked 
up to a point, but it was found that it was not conducing to the 
lasting qualities of the engine and its cylinders. Then chlorine 
was tried, but it was found not to be as good as bromine. They 
then concluded that it must be due to the molecular weight of the 
substance added, and a search was made of the chemical diction- 
aries and the catalogues of chemical dealers for a substance of 
high molecular weight. Lead suggested itself, and it was found that 
the only convenient, volatile lead compound was ethyl lead. They 
set about to produce it, and that was the beginning of the Ethy| 
Gas Corporation. The story was told to him in that way and he 
had no reason to doubt that that was the order of procedure. 
The methods employed by the authors were, of course, quite 
different. They were put forward to explain results which the 
other people to whom he had referred had actually arrived at, 
perhaps not from high scientific considerations, but in a spirit of 
courage and enterprise which led them to practical trials. After 
all, that was what everybody had to do if progress was to be made. 
A different state of affairs existed at the present time. It was 
naturally desired to get to the root of the problem and ascertairi 
the causes of the knock and its prevention; from that point of 
view the authors’ work was of an entirely different standard. He 
hoped that if the work was continued a solution would be arrived 
at of a problem which at present could not be understood. Per- 
sonally, he believed it was entirely a chemical matter, and that 
the inherent qualities of the fuels were responsible for giving a 
different course of oxidation and decomposition. He desired to 
ask one question from the physical side. If he understood the 
authors rightly, they stated that a vessel of square cross-section 
would give a smaller knocking effect. He had wondered whether 
that could be explained by the greater turbulence which was 
produced by that shape compared with a cylindrical shape. On 
the other hand, it was impossible to make that agree with what 
happened in connexion with a spherical vessel, which also produced 
a small knocking effect. 

Dr. F. B. Thole thought the paper opened up a variety of fresh 
lines of research of exceptional interest. One for example, would 
be a photographic study of the influence of pro-knocks such as 
ethyl nitrite or ether. Another would be a study of the effect of 
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other antiknocks such as aniline or ethyl iodide which, unlike lead, 
tin or similar compounds, did not produce a metallic fog. 

Dr. Maxwell had referred to the explosions of benzene and of 
pentane as being different in kind. 

As this may be due to the profound difference in molecular 
structure it would be of interest to compare the combustion of 
heptane and iso-octane, two paraffins of very similar structure and 
physical characteristics but differing very widely in pinking ten- 
dencies. 

A further development of this research would no doubt be an 
examination of the nature of the mixture after the passage of the 
pentane flame front but before the after-burning commenced. 
Such an examination would doubtless be difficult but it would 
probably throw considerable light on the problem of prevention 
of “ pinking.” 

Mr. A. M. O’Brien said it was about two years ago since he 
watched in the Sheffield laboratory the preliminaries of the experi- 
ments the authors had described. He considered the authors had 
embarked upon a colossal piece of work, because quite a number of 
organic compounds which were used as fuel for internal combustion 
engines had yet to be explored. There was not the slightest doubt, 
however, that when the work was completed it would be of the 
utmost value both to the engineer and the chemist. He had had 
the pleasure of discussing in Sheffield with Dr. Maxwell the experi- 
ments that had been made up-to-date, and he desired to refer to 
the question of a stationary cylinder compared with the actual 
working of an internal combustion engine. If he was correct in 
his surmise he believed the pentane was introduced into the cylinder 
in the gas form as a perfect gas. He did not think any one present 
would dispute the fact that with the ordinary carburettor used 
in an internal combustion engine complete gassification of the 
petrol or the fuel carried into the cylinder was not obtained. There 
were microscopical globules of the fuel, and that might have some 
effect on the actual conditions that took place in the cylinder 
when the spark was applied. He had actually seen a section of the 
induction tube with a glass put into it so that it was visible and it 
was possible to see the petrol passing from the carburettor in the 
form of globules ; whereas when a pump was substituted somewhat 
similar to a supercharger that globulous condition practically 
disappeared altogether. An aeroplane was now being built cutting 
out the carburettor altogether and substituting a new form of pump 
to work on the principle of complete atomisation. Preliminary 
experiments had shown that an improved effect was thus obtained ; 
but it might be the case that there was not the same relationship 
to those experiments as obtained in actual practice between an 
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internal combustion engine and the stationary constant volume 
cylinder with the fuel introduced completely in a gas form. 

Mr. A. Rabson said the authors had mentioned that they 
found in their experiments that when a shorter cylinder was used 
pinking tended to disappear. He believed it was a fact that 
in an ordinary engine cylinder if the spark was advanced, the 
effect was of a cylinder decreasing in length, and pinking was more 
liable to occur. If, on the other hand, the spark was retarded 
after top dead centre, giving a cylinder that was increasing in 
length, the pinking was cured more or less. 


Mr. G. H. Thornley said it had been suggested that the reduc- 
tion of the pinking caused by petrol was due to a metallic fog, 
and he understood that ethylene di-bromide was added to fuel 
in order to facilitate the removal of lead from the engine. Would 
not the addition of ethylene di-bromide cause the removal of the 
metallic fog as soon as it was formed as lead bromide and so remove 
the effect of the metallic particles on the explosion ? 


Prof. R. V. Wheeler, in reply, in the first place thanked the 
various speakers for the suggestions they had made, which would 
prove most helpful to Dr. Maxwell and himself. The Chairman 
had asked whether the authors had yet experimented with pro- 
knocks. They had not, for they had yet to be presented with an 
efficient pro-knock, as they had tried ethyl nitrate additions 
without any result. Incidentally, he did not want to spoil the 
story told by Dr. Lessing with regard to the origin of anti-knock 
compounds, but he understood that bromine was a pro-knock 
and not an anti-knock. If any of the members could suggest to the 
authors a real pro-knock, which was not an explosive compound, they 
would be happy to carry out some experiments with it. Reference 
had been made to the explanation given of the check in the propa- 
gation of the flame. He thought the explanation he had given 
was correct, namely, that it was due to the cooling of the flame 
at the moment when the skirt of the flame touched the walls of 
the cylinder. That conclusion was drawn not only as the result 
of the work described in the paper but on other experiments when 
the flame was photographed in glass cylinders. The vibration 
effect which was noticed varied with the length of the cylinder. 
In other work which had been done, on firedamp explosions, a 
definite relationship was found between the length of cylinder 
and the distance the flame had to travel before vibration could 
set up in the flame front. Apart from the interesting story that 
Dr. Lessing had told, he asked a question with regard to the 
explosion vessel of square cross-section. It should have been 
explained that in those experiments the mixture was ignited at 
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the centre of the vessel. There was no turbulence on the flame-front 
at all. The flame-front moved perfectly smoothly towards the 
walls and eventually squeezed into the corners of the cube. With 
a sphere, with ignition at the centre, the flame-front moved 
uniformly at the same speed in all directions and touched ‘the 
wall simultaneously at all points. He thought that was the reason 
why pinking in a spherical explosion-vessel had not yet been 
obtained. He was particularly interested in Dr. Thole’s suggested 
comparison between heptane and iso-octane. The only difficulty 
there was the question of temperature and getting the necessary 
richness of mixture. The authors would have to try comparative 
experiments when the charge was at an initial temperature of 
100°C. in order to get an explosive mixture. In answer to Mr. 
O’Brien’s remarks, the authors proposed step by step to analyse 
all the effects that could be obtained in an engine cylinder. To 
a chemist the most interesting part of the study was the “ after- 
burning.” The fact that with certain gaseous explosions what 
appeared to be “ after-burning” was obtained was not a novel 
observation. He was hopeful that, not necessarily with pentane-air 
mixtures but with specially chosen fuel-air mixtures, the authors 
might be able to obtain knowledge as to what chemical reactions, 
if any, were occurring during the “ after-burning.” It would 
not be easy, but it should be possible, to snatch a sample of the 
glow which was taking place and analyse it. 

Dr. G. B. Maxwell, in reply, said he understood the question 
that had been asked in regard to spark advance was why pinking 
could be liminated by retarding the spark since when that was 
done the flame travel was increased as the piston would have 
commenced to deseend. He disagreed very much on that point 
with the questioner. In the first place in most engine cylinders 
there was side ignition and it was the bore of the cylinder which 
gave the effective length corresponding to the length of the closed 
cylinder used in his experiments. Even supposing, however, 
that ignition was obtained centrally in the head of the cylinder, 
in no case, however much the spark was retarded in practice, was 
that spark passed after the piston had commenced to descend. 
The spark always passed several degrees before top dead centre 
was reached, so that by retarding the spark the distance the flame 
had to travel was decreased. He hoped that answered the question 
that had been raised. The authors had always taken it that the 
spark was passing in most engines anything between 5° to 3° 
of crank angle before the top dead centre was reached. 

On the motion of the Chairman, a hearty vote of thanks was 
accorded to the authors for their interesting and instructive paper, 
and the meeting terminated. 
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INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


THe One Hunprep anp NintH GENERAL MEETING of the 
Institution of Petroleum Technologists was held at the Royal 
Society of Arts, John Street, Adelphi, on Tuesday, 13th March, 
1928, Sir Frederick Black, K.C.B. (Past-President) in the Chair. 


The Chairman, at the opening of the meeting, apologised for 
the unavoidable absence of the President. 


The Secretary announced that the Annual General Meeting 
would be held on Thursday, 22nd March, at 5.30 p.m., followed 
by an address by the President. 

The following paper was read :— 


Development Problems In The Exploitation Of Natural 
Gas. 


By Lrevt.-Cor. 8. J. M. Autp, O.B.E., M.C., D.Se., F.LC. 
(Member). 


TxE utilisation of the gas produced at an oilfield either simul- 
taneously with the oil at the well-head or by evolution on subsequent 
reduction of pressure is a matter of much importance and a great 
deal of attention has been paid to the subject in recent years. In 
tropical countries utilisation is not the straightforward matter it 
may be in temperate climates and in recent years exploitation has 
been further complicated in a number of fields by the presence 
in the gas of large quantities of hydrogen sulphide. In some 
parts of Texas, Mexico and Persia this amounts to over ten per 
cent. by volume. It is an account of some of the points of special 
interest arising from the exploitation of such a gas which forms 
the subject matter of the present communication. 


SEPARATION OF GAS AND OIL. 


For a variety of reasons it is desirable to be able to separate gas 
from oil in stages, i.e., at chosen pressures, prior to the final separa- 
tion at or near atmospheric pressure in flow or storage tanks. Owing 
to the advantages accruing from increased velocity caused by gas 
evolution it is not always expedient to remove gas as it separates 
in pipes; but it is essential for general control, and in some cases 
for economic fractionation of the gas, to have high pressure separa- 
tors installed at suitable points on the main oil-collecting lines 
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throughout an oil-field. Many pro- 
prietary types of gas separator appear 
to have been designed for compara- 
tively low Gas/Oil ratios. The usual 
result is that in vertical separators 
insufficient disengaging surface is 
available ; and although, within limits, 
rate of evaporation on ebullition is 
not dependent on surface, yet ample 
surface is necessary to prevent undue 
entrainment of liquid particles. For 
this reason an efficient separator must 
have both disengaging and settling 
capacity. A type designed and 
adopted for high Gas/Oil ratios is 
shown in Fig. 1, which represents a 
separator suitable for use at about 
100 1b. /sq. in. pressure. 

Phis form of separator is by no means 
ideal, but it is simple and reasonably 
efficient. With plenty of ground space 
available advantage is taken of the 
horizontal type for ease of installation. 
Surface is obtained without recourse to 
trays or fillings, and the transverse 
baffle, perforated as shown, turns the 
second. half of the separator into a 
settling chamber. Control is by hand, 
experience with floats in gas separators 
not having been encouraging. The 
quantity of oil and gas flowing through 
is regulated by a valve at the inlet and 
the pressure on the surface governed by 
a valve on the gas delivery line. These 
separators are usually worked at 
pressures varying from 60 to 100 Ib. 
per sq. in., but are capable of func- 
tioning efficiently at all pressures met 
between well and flow tank. 

The final separation of gas from oil 
is best carried out in the intermediate 
storage tanks themselves or in specially 
constructed flow-tanks, the only 
essential in either case being gas- 
tight roofs. 


Fic. 1. 
HIGH PRESSURE GAS SEPARATOR. 
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MEASUREMENT OF QUANTITY OF Gas. 


Measurement of the volume of gas is frequently carried out 
by observation of pressure drop in flowing lines. This is a matter 
of fundamental importance to all interested in the transporta- 
tion of gas. No apology is needed therefore in discussing 
the flow of gas in pipes, and for the introduction of the question 
of the general inapplicability of exponential pressure-drop gas- 
flow formule and the use of the Stanton Curve. In the most 
recent editions of the standard books of reference on Natural Gas, 
notably the generally admirable book by L. C. Lichty and the 
section by Weymouth and Towl on the transportation of Natural 
Gas in Day’s “ Handbook of the Petroleum Industry,” no mention 
is made of the work of Reynolds on fluid friction nor of the 
classical work of Stanton and Pannell which presented Reynolds’ 
work in a form suitable for the practical engineer. This is the 
more remarkable since the development and comparison of various 
gas flow formulz is discussed in such works in much detail and the 
discrepancies amongst the formule are obviously primarily due 
to the values variously ascribed to the coefficient of friction. 

Formule relating pressure drop to gas flow are very numerous. 
They are practically all of the same type, but fall into separate 
categories for high and low pressure drops respectively. Those 
which have immediately concerned the writer, and are therefore 
ander special consideration, are the following well known equations: 


High Pressure. 

(p,” — p*)- 

Ww th .. =K LU 
eymou Q 
T. 
K=18-06 VST 

0-6 — pp”) 

Oliphant (Py — Ps 
SL 


The coefficient “‘a”’ is a function of the diameter. 
L = length in miles, 


Low pressure. 
Weymouth .. Q= 2141 
FT) 
Molesworth .. Q=1732 
‘a 
Pole... .. .. Q= 2338 


1 = length in feet, 
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The high pressure formule of Weymouth and Oliphant are amongst 
the last of the empirical formule. They take into account the 
possible variation of the coefficient of friction but regard it as 
wholly dependent upon d. From a study of existing data Wey- 


mouth considered it to have the value cha hence the value of 
the exponent in his formula. Oliphant used ¢ as a function 
3 

of d? + a In the low pressure formule change in velocity and 
density along the pipe are neglected, and the simplification of the 
Weymouth formula is attained by regarding p,+p.—2p, for gas 
measured at or near atmospheric pressure. It is to be noted that 
the coefficient of friction used is identical with that employed in 
the derivation of the high pressure formula. The same mode 
of thought can be traced in the derivation of the other equations 
quoted, and it is scarcely a matter for surprise that these empirical 
formule do not merely not agree amongst themselves, but do 
not and cannot apply for any but the particular conditions under 
which the coefficient of friction was measured. 

Reynolds in 1883 showed that the critical velocity of a fluid 
is a function of its density and viscosity and of the diameter of 
the pipe, and that = or, as it may be alternatively written, 
. is a constant. This constant is the Reynolds Criterion ; 
and though it has two values depending on whether the fluid has 
suffered initial disturbance or not, the latter or lower value is of 
the greater practical importance. Rayleigh’s generalisation of 
Reynolds’ Law showed that 


r= 
v 
By plotting Wy? against — Stanton gave expression to the 
fact that for any possible combination of velocity, pipe diameter 


and kinematic viscosity there is a definite value of — and hence 


R 
of the coefficient of friction ¢, which is Wr and is thereby 


evaluated. It is only necessary, then, to determine experimentally 
for particular pipe or, in special cases, for particular pipe in use 
with a particular fluid which may affect its properties, the relation- 


ship between Y® and 7-H. in order accurately to predict the 
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coefficient of friction in pipe of similar roughness for any fluid of 
known density and viscosity. 

The relationship of these facts to gas flow has been well discussed 
by Lacey! in a valuable paper to which insufficient attention has 
so far been paid in the technical literature. His advocation of the 
determination of £ and its incorporation in the first-principles 
formule of the Chézy type is sound, and appears the only rational 
way of attacking the gas flow equations. For stream-line flow 
the roughness factor does not come in, but for higher velocities 
than the critical it is necessary to obtain experimental data in order 
that the Stanton Curve may be plotted for the particular conditions 
of flow. As, for example, specific surface condition due to the 
presence of corrosive constituents, deposition from the gas, ete. 
This is particularly important for gases containing a high per- 
centage of hydrogen sulphide. 

It may be assumed that different varieties of the same gas, as 
for example, high and low pressure gas with varying hydrogen 
sulphide content and liquid in the lines; still-gases containing 
both hydrogen sulphide and a proportion of free oxygen and, 
therefore, liable to deposit elementary sulphur, etc., will cause 
different degrees of roughness. It is, therefore, preferable to plot 


a series of ¢, = curves for each group of conditions rather than 


attempt to make one group cover all roughnesses and diameters. 
A complete series of experiments on these lines is at present being 
made for sulphurous gas. For unknown conditions where ¢ 
must be evaluated it is well to remember, however, as pointed out 
by Hodgson, that “ there are theoretical reasons for believing that 
for all pipes above a certain roughness the ¢, F curves will be 
parallel to the F axis, i.e., that € will be constant for all values 
of F.” 


Under streamline conditions ed = 16. 


No published data are as yet available on the viscosity of natural 
gas, but for hydrocarbon gas of density approximating to unity 
it may be taken as 0-00012 poises at 20°C. For small temper- 
ature changes 7 may be considered to vary directly as the absolute 
temperature. The higher hydrocarbon gases have lower viscosities. 

Lacey’s form of the fundamental hydraulic formula of Chézy 


dsp 


P, . 
W for low pressures is Q = 188 Esl 


1 J. Inst. Gas Eng. 1923, 246. 
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snd of Unwin’s' high pressure formula developed from the Chézy 
formula on the assumption that the expansion is isothermal at 


00° F. : 
Ja 


For estimating rates of flow. at low pressures Lacey regards the 
vell/known and much-used formula of Pole as likely to give as 
results as any of the older expressions, Pole having assumed 

{to be constant at .0065. 

It is of interest to find that when gas flow was measured through 
|2 sq. ft. cross section plaster ducts Pole’s formula gave results, 
both in its original form and in the modification of Murgue, for 
ue in bricked and arched ducts, which under the particular con- 
ditions corresponded to £ = .0080. The results were therefore 


if 
— 100 = 11.0 per cent. high. When direct measure- 


ments were made of the same gas in steel ducts leading from the 
separators by means of compensated Pitot tubes the average flow 
then found was 14 per cent. less than from Pole’s formula. 

With the installation of a complete separating system the low 
pressure gas should be accurately metered as it leaves each flow 
tank. A type of meter for this purpose which has given satis- 
faction is that of a thin-plate orifice connected to a recording 
instrument in which the differential pressure is measured direct 
by means of an inverted bell balanced in liquid. Connection is 
made between the taps on either side of the orifice by }’’ pipes, 
one leading into the bell and the other into the space above it. 
The vertical movement of the bell is therefore a measure of the 
differential pressure, and is transmitted by an arm to a recording 
drum. The movement is developed on the instrument itself by 
means of a cam and reading is then direct in cubic feet of gas 
per hour. Gravity corrections are made in the usual way. Such 
instruments give consistent recordings, but owing to the necessity 
for confirming the makers indication of the range of accuracy 
and because of the before-mentioned device for obtaining linear 
record it is desirable to carry out a calibration. This can be done 
by direct measurement of ingoing air when one of the flow tanks is 
filled with water and then emptied, the orifice in the duct being 
reversed. The calibration entails a considerable amount of organ- 
isation, as separate observers are required at the meter, the 
Pneumeractor, the dipping tape and the clock, apart from com- 


1J. Inst. Gas Eng. 1904, 184. 
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parison with other forms of measuring device, such as anemometers 
or differential micro-manometers attached to Pitot tubes. Such 
calibrations should be conducted in hot climates between dawn 
and sunrise in order to minimise the effect due to variation of 
temperature. An individual meter having been calibrated, al] 
others can be checked against it by means of a water manometer. 

Meters of this type have been found to be accurate to appreciably 
less than 2 per cent. over a flowing range of 60,000 to 300,000 cubic 
feet per hour, using the makers’ standard size of orifice and record 
chart. Measurement of larger quantities of gas by a single meter 
necessitates the use of a large orifice and the application of a 
correction to the chart reading. For highly sulphurous gas the 
orifice plates should be cut from stainless steel. If this is done 
no corrosion or deposition at the orifice edge likely to affect the 
reading will occur. 


SYMBOLS USED IN THE ForEGOING SECTION. 


Diameter of pipe. 
Length of pipe. 
Initial pressure. In C.G.S. units or ft.-Ib.-sec. units 


Final pressure. 
Acceleration due to gravity. according to context. 


Velocity of flow. 

Density of gas. 

Frictional force per unit area. 

Specific gravity compared with air. 
Loss of pressure due to friction in inches of water. 
Absolute temperature. 

Flow in cub. ft. per hour. 

Coefficient of friction. 

Viscosity in C.G.S. units. 

Kinematic viscosity = viscosity/density. 
Diameter in inches. 

Initial pressure in Ibs./sq. in. 

Final 


NOS 


= 
= 
= 


Atmospheric ,, 
= Length in feet. 


“S'3's ats 


DvuRaATION OF Gas PRODUCTION. 


Of equal or even greater importance than the accurate measure- 
ment of the volume of gas available is the formation of estimates 
regarding its duration. Such estimates are of vital importance 
whereon to base decisions affecting capital outlay, returns and 
amortisation. 

To form anything like an accurate estimate of the reserves of 
gas and oil in a field is always a matter of great difficulty. The 
subject is very complex and depends, in the first instance at least, 
largely on a priori reasoning. For the more limited purposes just 
set forth such reasoning has been developed along the lines of a 


interfe 


hydro 
of ten 
The 


level 


consid 

culati 

Gas 

i.e. aS 

gas, ¢ 

theref 

4 

under 

gas 

Tempe 

If E 

under 

where 

and al 

appare 

the rel 

shown 

and gi 

equilit 

For tl 

of gas 

measui 

over, { 


neters 
Such 
dawn 
on of 
1, all 
1eter. 
lably 
cubic 
ecord 
neter 
of a 
3 the 
done 
t the 


units 


197 


AULD: NATURAL GAS. 


consideration of the oil/gas system and the extent to which cal- 
culations based on the gas laws are likely to be applicable. 

Gas may be withdrawn from the main reservoir in the gas phase, 
ie. as undissolved or “‘ dome ” gas, in the liquid phase as dissolved 

, or in a combination of these two ways. It is apparent, 
therefore, that the Gas/Oil ratio can vary between infinity on one 
hand and a fixed amount determined by the solubility in the oil 
under fixed conditions of the mixed hydrocarbons comprising the 
gas on the other. The volume/volume solubility at Normal 
Temperature and Pressure is the Solubility Constant C. 

If Henry’s and Dalton’s laws actually applied to the conditions 
under consideration we should have 


where G is the Gas/Oil ratio, p the gas pressure at the 
interface, n the partial pressure of the “gasoline ”’ or condensable 
hydrocarbons and p, the barometric pressure. The great influence 
of temperature is shown by the exponential function of a 
The value of @ for oil definitely withdrawn below the oil/gas 
level can be determined by direct measurement at the flow tanks, 


PITTINGS ATTACHED TO THiS CONNECTION TD 


Fie. 2. 
EXPERIMENTAL GAS SEPARATOR. 


and also in various forms of apparatus on limited samples. Such 
apparatus usually takes the form of a small separator in which 
the relative volumes can be read direct. Another form, which is 
shown in Fig. 2, is designed so as to allow samples of both oil 
and gas to be removed for examination at any dynamic pressure 
equilibrium, i.e., while oil and gas are actually flowing through. 
For the direct determination of the pressure-solubility relations 
of gas and oil an apparatus of the type used by Andrews for his 
measurement of the critical constants of gases can be used. More- 
over, for exact work in connection with the estimation of the oil 
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productivity of a field it may be desirable experimentally to deter. 
mine the solubility constants of the various constituents of the gas, 
and from a knowledge of their partial pressures to determine 
an average Solubility Constant. One of the difficulties attending 
the problem from this angle is, of course, deciding what is to be 
regarded as “ oil” and what as “ gas.” 

The next question for decision, in order to interpret the Solubility 
Constant, is the extent to which the gas laws apply and in what 
direction any deviation from them will operate. Dalton’s Law will 
apply. Henry’s Law notoriously does not for high pressures for 
very soluble gases, as, for example, carbon dioxide, sulphur dioxide 
and ammonia in water. This may be due (a) to association, 
particularly in dissociating solvents ; (b) to chemical combination 
with the solvent or (c) approach to the critical state. 

For the case under consideration, of saturated hydrocarbon 
gases dissolved in similar liquid hydrocarbons, we should be 
justified in anticipating that the molecular weight remains unaltered 
in solution, though some evidence exists of the association of 
some of the higher paraffins. Since there is also no indication of 
chemical combination (a) and (6) should lapse. On the other 
hand, (c) is important. Consider the composition of an unfrac. 
tionated gas with partial pressures as stated : 


Taste I. 
PROXIMATE ANALYSIS OF TOTAL GAS. 
Low pressure High pressure 


gas. gas. Total. 

% % % 
Ethane oe 31-5 21-0 29-8 
Propane on 8-5 71 
Butane 8-5 71 
Pentane.. 5-5 4-6 
Hydrogen sulphide 0-5 97 


Taste II. 
Pressure Partial Critical data. 
to liquefy —- T P 


% at 15°C. -/sq-in. °C. Ib./eq. in. 
Ib. /sq. in. 
Methane .. ee 414 .. — .. 105 .. —865 825 
Ethane 308 .. .. .. 678 
Propane .. Se 33-5 .. 97 647 
Butane 71 33. ww. 523 
Pentane ... .. 4-6 656 .. 2 .. — 
Hydrogen sulphide 9-7 


1 By calculation from 8.G. of saturated hydrocarbons=0-665. 


It is apparent that there must be marked deviation from Henry's 
Law for all constituents of the gas from butane upwards, and it 
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must be a matter of doubt whether propane itself will accord with 
the law at these pressures. 
Gas/Oil ratios variously determined (a) on a particular well 


deter. 
he gas 


ermine 
ending § and (6) in the apparatus described above (Fig. 2) have given 
3 to be § concordant results up to pressures of 80 to 90 lb./sq.in. Experi- 


ments with a special form of apparatus have shown that the 
relationship above 188 Ib./sq. in. is almost linear. Interpolation 
between these pressures gives a continuous curve. By measuring 
the divergence from this curve of the extrapolation of the high 


ubility 
1 what 


LW will 

res for § pressure relationship, there is found a deviation of circa 20%. 
ioxide § This probably represents the deviation from Henry’s Law. Apply- 
lation, § ing a correction on this basis to the Solubility Constant measured 
nation § from Gas Oil ratios and with a knowledge available of the slope of 


the pressure-production curve for the whole field, the only remaining 
unknown factor in estimating the available production is the 
amount of leakage of ‘‘ dome gas.” This should be available from 
field records. 


Use or Higuty GASES AS FUEL. 


Up to the present no data appear to have been recorded on the 
effect of the continuous burning as fuel, for boilers or under stills, 
of gas containing hydrogen sulphide in the proportions in which 
it is present in Persian gas. This proportion may rise in the low 
pressure gas to as much as 12 per cent. by volume, corresponding 
to over 13 per cent. by weight of actual sulphur. The situation is 
not entirely unique. In the Big Lake, McCamey and Crane-Upton 
fields of south-west Texas which have been recently opened up the 
H,S content of the well-head gas varies from 6 up to 12 per cent. 
But since similar conditions now arise elsewhere, the experience 
gained with the Masjid-i-Suleiman gas is worthy of record and 
more particularly the reasons and experiments leading to the 
general use as fuel of the gas in the unpurified state. 

In some quarters it was anticipated that corrosion of boiler 
plates or tubes would take place if the gas were used without 
previous desulphurisation. Experience was cited of boiler plates 
becoming brittle when used with sulphurous gases and appeared to 
be confirmed by the corrosion of drilling bits when re-conditioned in 
a gas-fired forge and by the scaling of an experimental boiler heated 
directly by gas flames of varying air-content. On the other hand, 
conditions in furnaces or under boilers are not those likely to prove 
favourable to acidic corrosion. Moisture is essential to corrosion by 
sulphur dioxide, and experience in the past bas shown that with 
solid or liquid fuels of (relatively) high sulphur content no corrosion 
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need be feared if the temperature does not fall appreciably below 
400° F. Corrosive action in flues and chimneys under such con. 
ditions can obviously be guarded against by the use of suitable 
materials or linings. On the other hand, incomplete combustion 
of the gas can lead to the formation of elementary sulphur, and 
under certain conditions, as for example of impingement of a 
luminous or partly luminous flame, the sulphur may exist suffi- 
ciently long to combine with the iron or steel of the boiler tubes or 
shell with formation of sulphide and ultimate formation of ferric 
sulphate, accompanied by severe blistering, scaling and pitting. 
This is undoubtedly the explanation of the boiler scaling mentioned 
above. 

A priori reasoning alone therefore would lead to the conclusion 
that corrosion from the use of even the most sulphurous of gases 
should only take place :— 


(a) With incompletely burnt gas and direct impingement of 
the flame on corrodable metal. 

(6) At particularly low temperatures of the metallic surface 
whereby momentary condensation of solutions of sul- 
phurous or sulphuric acid may take place. 


In regard to (6) such conditions are only likely to be met when 
flame makes actual contact with metal in very low pressure boilers, 
or low-temperature stills, having a particularly small temperature 
difference between metal and water. Indirect confirmation of this 
view has since been given in an interesting case described by G. C. 
Reinhard,? in which the tubes of an oil-fired water-tube boiler 
burnt out after scaling. The wasting was from the outside and 
was definitely traced to the effect of sulphur in the oil, the clean 
tubes being cool enough to permit condensation of sulphuric acid, 
whereas previously the metal had been too hot. The trouble once 
begun was aggravated by the ferrous and ferric sulphates pro- 
duced fusing and acting as a flux. 

It was concluded, therefore, that no serious trouble would be 
experienced in modern boilers equipped with suitable and efficient 
methods of firing, and this view was confirmed by experiment and 
since then fully borne out in practice. 

The experimental evidence was largely based on examina- 
tion of boilers and stills fired with unpurified gas containing hydrogen 
sulphide in quantity varying from 6 per cent. to 10 per cent. by 
volume. The most important evidence was obtained from 4 
fire-tube boiler constructed from two lengths of Lancashire Boiler 
flue bolted together, rivetted plated at either end and with seven 


* Power, 1926, 51. 
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symmetrically arranged 4-in. steel tubes expanded into the plates. 
The gas was delivered at pressure varying from 10 to 20 lb. per square 
inch and the burners were consequently constructed of plain tubes 
without any arrangement for previous mixing of gas and air—i.e., 
the air supply was wholly secondary and induced. The conditions 
were therefore fairly drastic, and on many occasions the tubes 
suffered from direct flame contact. Combustion was, however, 
complete. Altogether the boiler was in use as a domestic hot-water 
supply apparatus nearly continuously for two years before the 
final examination was made. 

The bottom plate showed no signs of pitting or corrosion and 
practically no scale, the exposed surface being at least as good as 
the portion sitting on the brick mounting. The top plate was 
equally good. Examination of the tubes in situ disclosed no 
corrosion or pitting in any tube from end to end. 

The middle tube, being the one most likely to have suffered, 
was removed for examination and testing. The only scale visible 
was over the bottom 4} in. 

The scale, scraped off with a knife, amounted to only 2:5 gram 
over the bottom 54 sq. inches. Analysis showed it to contain 
255 per cent. FeSO,H,O0, 28.7 per cent. carbon and organic 
matter, 18-3 per cent. calcium sulphate and 24-4 per cent. water 
of crystallisation and moisture. There were no sulphides. The 
metal was in no way pitted or blistered under the thin layer of 
scale. 

Microscopical examination of polished and etched portions 
of the steel showed no physical indication of interfusion or change 
of composition. 

Tensile strength tests were made and compared with tests on 
steel from a similar 4 in. tube taken from an oil-fired water-tube 
boiler. The oil-fired steel was approximately 1} tons per sq. in. 
better on test than the gas-fired steel, but this was probably well 
within the experimental limits of error. Strips of the two metals 
cold bent to 180° with hammer and vice neither fractured nor 
gave indication of approaching fracture and the outer bends 
showed no signs of cracking when rubbed down and examined 
microscopically. The gas-fired steel worked normally to the chisel 
and gave no indication of shortness. 

The sulphur contents of the two steels were : 

Gesfired ..  .. 0-028 % 8. 
Oil-fired oe os 0-038% S. 

Further confirmatory athens tothe been obtained from the 
observed condition of stills fired. with unpurified gas over long 
periods, the conclusion was come to that highly sulphurous gases 
can be used as fuel without preliminary desulphurising. This has 
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been done quite satisfactorily, though the amount of sulphur 
dioxide in the air is at times noticeably high. 

Combustion of the Gas.—The efficient burning of gas of high 
calorific value presents no difficulty at high pressures, even when 
complete, or nearly complete, combustion is desired. At low 
pressures, with gas of, say, 1,700 B.Th.U. per cu. ft., the matter is not 
so easy and most systems involve the compression of the gas or use of 
compressed air, either of which may be very undesirable. Many 
types of proprietary burners have been tried without success, and a 
good deal of calculation and experiment carried out in an endeavour 
to work at gas pressures of not more than 1} lb. per square inch. 
Pre-mixing of gas and air is very desirable, and for really high 
combustion efficiency almost essential, but involves the risk of 
explosion in the pipes. The maximum effect from induced air is 
obtained by the use of a burner of venturi-tube shape as shown 


in diagram Fig. 3. Thus VV3— V?=c V2gAh where 


Fic. 3. 


Ah is the static pressure drop and c for a flow-line nozzle is nearly 
unity (ca 0-96). If the nozzle is actually at the venturi throat 
so that V, is constant and maximum we can take with fair accuracy 
for small nozzles V, = V2gAh. At low velocities the proportion 
of air induced will be in ratio to the reduction of static pressure, 


but since V is a function of ; it will also vary inversely as d*. 


At a pressure of 4 in. of water the gas stream in a burner will 
induce a flow of about 2-5 times its volume of air. The air required 
to burn a gas of a calorific value of 1,500 B.T.U. per cubic foot 
amounts to about 20 volumes. The pressure required would 
be a minimum of 8 x 4 in. of water or 1} lb. per sq. in. If less 
than this is available the nozzle size, and therewith the burner 
capacity, must be reduced. If, for example, the gas is at } |b. 
pressure per sq. in. this would account for 9 volumes of air. The 
remaining 11 volumes would be got by use of a nozzle of V -09 d, 
or e.g.,of a } in. diam. nozzle in a 1-0 in. tube. 

Burners built up on these principles have been very successful 
and have been used at pressures varying from 365 Ib./sq. in. down 
to 0°75 Ib. /sq. in. 
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As an indication of their efficiency may be quoted a case of a rig- 
type boiler rated at 2,500 lb. steam per hour, which on steam-trial 
with a 1} in. burner nozzle and gas at 14 lb. per sq. in. steamed 
4,750 lb. per hour or 90 per cent. over rating. 


EXTRACTION OF CONDENSABLE HYDROCARBONS. 


Inapplicability of the Active Charcoal Recovery Process to Sulphurous 
Gases. 


The possible use of solid adsorbents for use with sulphurous gas 
has been closely canvassed, both for the main extraction and for the 
eventual final stripping of the extracted gas. The presence of 
hydrogen sulphide, however, renders this method impossible. 

The effect of hydrogen sulphide on extraction by charcoal has been 
determined in an experimental plant consisting of three adsorbers 
operated on the same principle as a large scale charcoal plant. 
At any one time if No. 1 vessel is adsorbing No. 2 is being dried and 
cooled with stripped gas, and No. 3 is having the adsorbed oil 
removed with steam at 20-25 Ib. per sq. in. pressure. Altogether 
82 runs were made on each adsorber, test runs being made at 
regular intervals. The gas contained 10-14 per cent. hydrogen 
sulphide. 

The particular charcoal used was a proprietary article of known 
value and high adsorptive capacity. At the end of the experiment 
it had suffered nothing from disintegration. 


Taste III. 
Yield of 
Gas Gas Gas vol. spiriton Efficiency. 
Adsorber. Temp. density. passed. gas treated. 
°F. Av.=1 e.ft. gal./1000c.ft. % 
No. 2 (refilled for 97 1-61 25 1-95 — 
comparison) 98 _— 50 1-82 _ 
93 1-63 75 1-82 _ 
90 1-64 100 1-87 _ 
Av. = 1-86 100 
No. 1 88 1-61 3405 0-93 
89 3430 0-90 
97 1-63 3455 
Av.=0-91 49 
No. 2 ba a 80 1-67 3310 1-10 59 
No. 3 es 98 _ 3435 0-98 _ 
93 1-63 3485 0-98 
90 1-64 3510 1-02 _ 
Av.=0-99 53 


Thus with intermittent use over a period representing in practice 

a continuous period of only ten days, the efficiency of the charcoal 

had fallen off by approximately fifty per cent. This inhibitory 

action is due to the deposition of elementary sulphur in the pores 
P2 
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of the charcoal from oxidation of the hydrogen sulphide by traces 
of air admitted with the gas or the steam. The actual content of 
sulphur in the charcoal at the end of the test was 2-5 per cent. 


FACTORS AFFECTING SEPARATION OF Gas FROM OIL IN RELATIONSHIP 
TO THE RECOVERY OF CONDENSABLE HYDROCARBONS! FROM THE Gas, 


Fundamental principles must be closely followed in matters 
pertaining to the separation of gas and oil and the recovery of 
hydrocarbons by solution in oil; otherwise efficiency is likely to 
suffer both in yield and cost of operation. As pointed out previously, 
the gas is given its initial separation from the oil in high-pressure 
separators and it must be realised that in a gas/oil system under 
the conditions pertaining in such separators the quantity of lique- 
fiable constituents in the gas is a function not of the pressure of 
the unliquefiable gases but of the effective partial pressure of those 
constituents due to their vapour tension at the particular tempera- 
ture. It follows therefrom that at constant temperature the 
liquefiable content of the gas space is constant, and that on reduction 
of the gas to atmospheric pressure after removal from contact with 
the oil the content of liquefiable constituents will be governed 
by the general law connecting volume and pressure. 

For each vapour pressure and temperature there will be a curve, 
of the general form of the rectangular hyperbola familar in V/P 
relationships, connecting absolute pressure with gasoline content. 
This combination indicates a connection between vapour pressure, 
temperature and pressure, and not only allows the gasoline content 
of the gas to be estimated, but permits its control by suitable adjust- 
ment, when practicable, of the conditions of temperature and 
pressure. 

The relationships are shown in the attached hypothetical curves 
(Fig. 4) in which gallons of recoverable gasoline per 1,000 cubic feet 
are plotted as ordinates and absolute pressures as abscisse. Each 
curve corresponds to a definite temperature and effective vapour 
pressure of the liquefiable constituents of the gas. When extended 
in the direction of the ordinates, each curve will stop when the 
vapour pressure of the oil at that temperature is reached. The 
gas will then be all liquefiable and the gallonage per 1,000 cubic feet 
measured at atmospheric pressure will depend on the vapour 
density of the gas and the density of the liquid. The connection 
between the last named and the other conditions should be noted. 

The curves will represent fairly accurately the conditions at 
high pressure, but are deviated from slightly at low pressures, or 


The terms “ condensable hydrocarbons” and “ liquefiable constituents ” 
are used to cover all possible constituents of commercial gasoline. 
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when the composition of the oil is materially affected by the removal 
of volatile constituents. They are of particular use for indicating 
possible economic pressures of separation. Take for example the 
case of a three-gallon gas which it isonly possible, or expedient, to 
strip to a content of 0-4 gallon per 1,000 cubic feet. The high- 
pressure separation should be conducted at approximately 7 atmos- 
pheres or 90 lb. per square inch gauge, and all high-pressure gas 
thus removed could be disposed of without passing to the stripping 
plant. Moreover there will be an optimum high-pressure separation 
for each temperature condition, and these can be arranged for in 
advance. In tropical climates this is a matter of importance. 


W 


HYPOTHETICAL CURVES. ABSOLUTE PRESSURE OF SEPARATION 
% GASOLINE CONTENT OF NATURAL GAS. 


2. 


CURVE PRESSURE SUCH THAT GRS CONTAINS IGRLPERIQOOCUBS TAT ATMOSPHERIC PRESSURE 


POINTS OBTRINED EXPERIMENTALLY 


GALLS OF GRSOLINE PER ID00 CUFT OF MERSURED AT ATMOSPHERIC PRESSURE 
z 


Fie. 4. 
ABSOLUTE PRESSURE IN ATMOSPHERES. 


The increase of the gasoline content of the gas with rise of 
temperature is very marked, and a study of the conditions affect- 
ing the economic temperature of separation is worth consideration. 
It is desirable that as much as possible of the light liquid consti- 
tuents should remain in the crude, at least up to the time it enters 
the pipe line, where it is always under pressure. As much as 
possible of the high pressure gas must be vented, and this can only be 
done during the hot weather if the temperature is kept down. So 
far self-cooling by regenerative use of the evolved gas has not 
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proved practicable, but the use of buried lines, whitewashing of 
exposed lines and separators and so forth is of importance. 

At the low pressure separators a balance must be struck as regards 
temperature between what it is expedient to carry in the crude in 
the way of wild liquefiable products and the saving of load on the 
stripping plant. Each case must be decided for itself, but it is an 
indication of the importance of the subject that, from the same 
crude oil, separation at 32° F. will produce a 1-gallon gas, whereas 
separation at 104° F. will give a 5-gallon gas. 

Regarding the gas available for stripping, i.e., the low-pressure 
gas or that evolved from oil which has passed the high-pressure 
separators, considerations similar to those for the high-pressure gas 
apply. If the conditions are such that the quantity of liquefiable 
constituents removed does not affect the composition of the oil the 
quantity of gasoline carried off in the gas per unit volume is a func- 
tion of the vapour pressure of the liquefiable constituents and is 
independent of the Gas/Oil ratio. Such conditions occur at low 
temperatures and when the Gas/Oil ratio is not unduly large and 
appear to be approximately true under the usual conditions of 
operation. 


ConDITIONS AFFECTING THE OIL ABSORPTION PROCESS. 


The oil absorption process is now well understood. The process 
is simple in principle and excellent proprietary plant is available 
for putting it into practice. It should be understood, however, 
that this method of extracting gasoline from natural gas is dependent 
for efficient operation, much more even than other recovery pro- 
cesses, on a knowledge and application of scientific principles 
and particularly of the gas laws associated with the names of Dalton, 
Henry and Raoult. This is especially the case in the more modern 
application of the process to rich gases which were previously treated 
by compression only. 

The factors affecting the efficiency of the absorption are the 
temperature of the gas and of the oil, the pressure on the system, 
the ratio of gas to oil, the mechanical design of the absorber, and 
the nature of the absorbent. 


Effect of Temperature. 


As a rule the effect of temperature of the stripping oil is more 
marked than that of the gas, and greater effort must be expended 
in cooling the stripping oil because of the relative masses of the two 
components in the absorption system. The plant must be provided 
with highly efficient oil coolers and these in turn with water cooled 
to the lowest possible temperature. This is of particular impor- 
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tance under summer conditions in hot climates, since it has been 
shown elsewhere! that other things being equal there is a very 
marked decrease in yield of spirit if the temperature of the system 
rises appreciably above 90° F., and this has been fully confirmed. 
Forced draft cooling towers have proved of particular value during 
periods of high temperature accompanied by high relative humidity, 
when the cooling of water by evaporation is a matter of difficulty. 

With high summer temperatures cooling of the gas subsequent 
to compression is very important, even in cases where the heat 
developed by compression is not very great. 

Cooling of the gas prior to compression is also of importance 
owing to the effect on the true capacity of the compressors. For 
this reason tubular coolers should be installed. A marked effect 
is also produced by white-washing the main ducts leading from 
the low pressure separators. In one series of observations the 
white-washing of the duct led to an immediate lowering of the 
peak temperature by over 20° F. or an increase in the capacity of 
the compressors of over 4 per cent. 

The effect of temperature on the absorption system is a particular 
expression of Raoult’s Law and the control of maximum extraction 
of condensable constituents is only made possible by its use. Raoult’s 
Law, which may be regarded as applying with fair accuracy to 
condensable hydrocarbons dissolved in gas oil, states with reference 
to a particular component that the vapour pressure in solution 
divided by the vapour pressure in the pure state at the same tempera- 
ture is equal to the mol-fraction of the component in the solution. 
It may be written 

i= Px 
where P, is the partial pressure, P the vapour pressure of the un- 
mixed component and z its mol-fraction in solution. It follows 
therefrom that in the two component system Gasoline Stripping 
Oil, where the vapour pressure of the latter may be regarded as 
constant, the effect of increase of vapour pressure with temperature 
may be balanced directly by proportionate increase of the mol- 
fraction of the solvent. Since absorption of any component from 
the gas will proceed until the vapour pressure of the solution is 
equal to the partial pressure of the component it can be seen that 
the reduced efficiency due to rise of temperature may be counter- 
balanced by increasing the circulation of stripping oil. There 
is, of course, an economic limit to the increase, the extent of which 
for defined conditions may be gauged from the vapour pressure 
curves of the type of gasoline to be produced, or estimated from the 
vapour pressure curves of the constituents. Examination of the 


1 U.S. Bur. Mines Bull,, 120. 
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vapour pressure curves of pentane and butane and of a stabilized 
gasoline (Fig. 5) indicates the necessity for an increase of the 


VAPOUR - PRESSURE 
TEMPERATURE CURVE 


I N-BUTANE 
I N-PENTANE 
I] NATURAL GASOLINE 


30 40 50 60 70 80°C. 
Fie. 5. 


circulation of stripping oil for a rise of temperature of 20° F., 
t.e., from 70°F. to 90° F. as follows :— 


Increase in Stripping Oil. 
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Application of Dihring’s Rule to Mized Hydrocarbons. 


In connection with the temperature effect discussed in the fore- 
going arises the desirability of recording for use the vapour pressure 
temperature curves of natural gasoline, stripping-oil solutions, and 
other mixed hydrocarbons. It is therefore of interest to find that 
Dihring’s Law can be applied satisfactorily to such mixtures. 

The most diverse mixture which may be considered is obviously 
crude oil, and the lines shown in Fig. 6 indicate that it follows the 
rule very closely. The lines are derived from fresh Persian crude 
oil free from oxygen and nitrogen, as plotted against pentane. 


\ 
\ 


on 

| | — 


80 90 00 
Fie. 6. 


Weathered crude and distillates containing dissolved air naturally 
give slightly curved Dihring lines. The vapour pressure deter- 
minations were made on samples of crude oil taken without 
exposure to air, and injected into the vapour pressure apparatus 
also out of contact with air. The different lines represent 
different low-pressure separation temperatures and varying con- 
ditions of exposure in the pipe line. 
Effect of Pressure. 


The effect of pressure on the absorption has been well worked out 
by others and is ably discussed by Oberfell and Alden,! in their 


1 Natural Gasoline, 1924. 
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well-known monograph. It is well, however, to support the 
conclusions of these writers regarding the applicability of Henry’s 
Law under the conditions of operation, since thereon is based 
the working of the plant as regards the stripping oil requirements. 
If reference is made to the arguments elaborated in the section 
devoted to the duration of the gas, and to the data in Table II, 
it will be realised that up to pressures of two or three atmospheres 
deviation from Henry’s Law to any appreciable extent is highly 
improbable. 

It is apparent from Henry’s Law that the quantity of stripping 
oil required to effect complete solution will be inversely propor. 
tional to the absolute pressure. From the best practice (at low 


25 50 
Fic. 7. 


KINEMATIC VISCOSITIES OF GASES. 


pressures) at 70°F. Oberfell and Alden derived the empirical value 
for the product “‘ Absolute Pressure x Gallons of Stripping Oil 
per 1,000 c. ft.” = 1,240. In other words, the stripping oil required 
at 70°F. at any pressure is obtained by dividing 1,240 by the absolute 
pressure in pounds per square inch. This figure, it may be said, 
has worked well and can be employed with confidence for use as 
the datum from which to calculate all oil circulation requirements. 
The curve shown in Fig. 7 gives these requirements at 70°F. for all 
pressures up to 75 Ib./sq. in. 

The question of the actual pressure to be employed is, primarily, 
one of cost. American practice demands a final pressure on the 
stripped gas of around 30 Ib. per square inch, for the purpose of 
distribution. 
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Where this is not the case, no financial advantage is gained when 
balancing size of plant and cost of operation against cost of com- 
pression, by going to pressures beyond 5 lb. per square inch. On 
the other hand, a much more elastic and efficient plant can be 
obtained by arranging for operation up to 30 lb. per square inch. 
This is especially so under conditions of very high temperature, 
when the required increase in oil circulation may be so large 
as actually to overstep the capacities of the oil pumps. In 
such circumstances it is more profitable to be able to raise 
the working pressure and thereby bring back the oil circulation 
to within reasonable limits. In the case of a compression 
system of fixed working conditions this is not possible, and in 
considering plant design such contingencies must be guarded against 
—a not unimportant point in attaining high efficiency. At the same 
time the higher pressure allows for overload on individual units 
during periods of breakdown or of high gas production. 


Nature of Product Required. 


The relationship previously referred to as existing between the 
partial pressure of the condensable hydrocarbons, pressure and 
temperature, is important since the partial pressure is obviously 
a criterion of the nature of the product. This is also seen from an 
examination of the curves (Fig. 4) for at the point where all the gas 
is liquefiable the recoverable volume of gasoline will be determined 
by its density. By suitably adjusting the rate of oil circulation it 
is therefore possible to alter the nature and amount of the gasoline 
recovered. This can be done from time to time according to 
market or refinery requirements. 

As a rule, however, the highest yields obtainable, using ordinary 
methods of condensation, should be worked for. In the first place, 
absorption process gasoline is by its method of manufacture always 
a reasonably stable product; certainly much more so than an 
unstabilized compression spirit. In the second place, it may be 
taken as axiomatic that any method of stabilizing gasoline by 
altering the conditions in the absorption towers, or raising the 
condenser temperature is wasteful. The maximum production of 
stable spirit will only be obtained, as with compression gasoline, 
by working at maximum absorption efficiency and then stabilizing 
the product. 


The Stripping Oil. 


Fears that stripping oil cut from a sulphurous crude and used 
on a sulphurous gas might need frequent renewal are not justified. 
There is no indication of gum or asphalt formation, nor is there 
an undue accumulation of sulphur. The sulphur content has been 
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noted to increase up to 2-3 per cent., but this has no apparent 
effect on the solvent capacity of the oil. Increase of the free 
sulphur content to the point where separation might occur is 
sufficiently guarded against by the normal make-up of stripping 
oil, which, however, should only amount to about 0-2 per cent. 
per diem. 
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CoNnTROL. 


. Modern absorption plant is operated continuously and as far as 
. possible automatically, recording control instruments being installed 
wherever they can be of any use. All gas, steam, gasoline, and 
stripping oil lines, as well as the circulating and make-up water 
lines, are fitted with recording meters, and recording thermometers 
are used on the gas lines and at the still and rectifier, the latter 
being thermostatically controlled. 

A number of the level regulators generally installed can be dis- 
pensed with, the enriched oil lines from the absorbers being more 
advantageously fitted with seals, and those on both oil tanks 
removed. In the latter case there are always possibilities of 
danger from the pumps running comparatively dry, and it is better 
to discard the automatic level control, which is not really needed 
once plant operation has been stabilised. 

Level regulators, especially those for use on comparatively small 
plant sections such as are found on absorption plants, should be 
well designed and well finished instruments. If dependence is 
placed on them, they should be infallible, though this is unfor- 
tunately not usually the case. Working parts should not be exposed 
and particular attention should be paid to the workmanship of the 
dash-pots or diaphragms in those operated with compressed air or 
steam. Sliding parts should be easy of access and capable of being 
cleaned without dismantling the valve. In the particular case of 
sulphurous products it is desirable that moving parts should be of 
stainless steel or cast iron. 


Corrosion. 

Stainless steel is useful in various parts of the plant exposed 
to the action of sulphur. In tubular heat exchangers and pre- 
heaters tubes of special bronze stand up well, but by-pass valves 
and seats of the same metal corrode after a few months’ operation. 
In these cases valves and seats should be of stainless steel. 

The working parts of control instruments in general for use 
under the conditions described are far too much exposed. Great 
difficulty is experienced from the corrosion of essential parts made 
of brass and bronze. Instrument makers in general would be 
advised to pay more attention to this point. 
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ABSORPTION SYSTEM FLOW DIAGRAM. 
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Operation. 

A diagrammatic flow-sheet of the absorption process is sub. 
joined (Fig. 8). It will facilitate reference to some of the points 
discussed. 

Apart from practical appreciation of the principles involved and 
previously discussed, a few special points are worth noting in regard 
to process operation. Considerable advantage has accrued, for 
example, from recycling the vented gas from the accumulators, 
taking advantage of the accumulator pressure to deliver direct to 
the absorbers and thus leaving the compressor capacity unimpaired. 
This is in line with the principle previously stated of advantageously 
delivering gas direct from the separators to the plant whenever it is 
possible to obtain the necessary pressure after separating at the 
economically correct limit. Recycling in chemical processes is 4 
bad procedure, but in some cases cannot be avoided. In the 
present instance the only alternative to recycling is the installation 
of stabilisers. 

The gasoline stock tank and enriched-oil storage tanks are also 
connected overhead into the line delivering gas to the absorbers. 

The writer hopes at some future date to describe the practical 
operation and special plant features involved in the utilisation of 
natural gas. In the meantime he extends his thanks to his 
colleagues who have assisted in the work and to the Anglo 
Persian Oil Company, Ltd., for their acquiescence in the publication 
of the paper. 


DISCUSSION. 


Dr, F. B. Thole, in opening the discussion, congratulated Col. 
Auld on having collected for the benefit of those who had to deal 
with gas problems a great deal of valuable information within the 
compass of a single paper. All who had had experience in this 
branch of petroleum technology were only too well aware that 
although much research must have been carried out on the problem 
involved, but little had been published. Further, as the author 
had pointed out, some of the published information has needed 
experimental checking in order to determine the limiting conditions 
for its accuracy. 

The author’s experience of the use of highly sulphurous gas 
as a fuel was of considerable interest and importance. It showed 
in effect that providing no condensation of burnt gases occurred 
and provided the air supply was adequate (so that incomplete 
combustion of hydrogen sulphide to elemental sulphur resulted) 
no fear of metallic corrosion need be anticipated. Such gas has 
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also, in the speaker’s experience, been used with complete satis- 
faction in internal combustion engines. In fact, he had advised 
the conversion of petrol engines in use on drilling rigs to operate on 
natural gas containing several per cent. of hydrogen sulphide, and 
not only did the engines run more satisfactorily and much more 
cheaply on this gas, but not the slightest trouble from corrosion 
or undue wear could be detected. 


Dr. J. A. L. Henderson said that he would like to heartily com- 
pliment those who had carried out the immense enterprise described 
in the paper upon the way in which the problems involved had 
been worked out, particularly in view of the difficulties which were 
inherent in inaugurating a system of the magnitude described in a 
country like Persia, and when dealing with the sulphurous oil and 
gas such as existed there under the climatic temperatures which 
prevailed. The evidence of the thoroughness of the work under such 
conditions was the feature of the paper which had impressed him 
most. There were, however, a few questions he desired to ask. 
In the first place, he did not quite understand from the figures 
given, what the gas-oil ratio really was, i.e., how many cubic feet 
of gas were given off per gallon or per barrel of oil, nor whether it 
related only to gas freed from the oil produced, or to associated 
free gas as well. Again, two analyses were given of two types of 
gas, one a high pressure gas and the other a low pressure gas. 
He took it that the high pressure gas must represent free gas from 
gas reservoirs as such, and that the low pressure gas was the gas 
derived from the oil in which it had been dissolved or absorbed. 
He also noticed that the low pressure gas had double the quantity 
of sulphuretted hydrogen that the high pressure gas had. The 
question of the use of such highly sulphurous gas was of great 
interest and importance, and he was glad to have heard Dr. Thole’s 
statement with regard to its satisfactory use in internal combustion 
engines. Those operators who had not previously had occasion to 
use such gas would find the facts given by the author of great value. 
The only other question he: desired to ask was in regard to the 
character of the gasoline obtained, and its sulphur content. 


Mr. H. M. Stanley thought the author’s lecture should be 
of profound interest to technologists. There was little doubt 
that the problem of the better utilisation of natural gas was one 
of the most important questions awaiting solution at the present 
time. 

He (the speaker) wished to raise a question with which Col. 
Auld had not dealt in his lecture, but which might be considered 
to be intimately connected with the problem of utilisation, namely, 
the question of the “ pyrolysis” of natural gas. 
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Reference had been made, especially in the patent literature, 
to this process whereby natural gas can be converted by thermal 
treatment in the presence of various contact substances into a 
mixture of higher hydrocarbons. The work of Williams-Gardner! 
on ethane, of Zanetti and Leslie? on ethane-propane mixtures, 
and the more recent work of Spence on butane and iso-butane, 
showed that all those hydrocarbons gave rise to tarry products, 
olefines, and aromatic hydrocarbons, as well as hydrogen and 
methane, on thermal decomposition at temperatures in the 
neighbourhood of 600°—800° C. On the other hand, the case 
of methane was markedly different. All the classical work on 
the thermal decomposition of methane indicated that the pre. 
ponderating, if not the only, reaction was that which resulted 
in the formation of carbon and hydrogen. The formation of 
small quantities of naphthalene had been noted’, but it was s 
little uncertain if that was derived from the methane. Further. 
more, it could be shown on thermodynamical grounds that, under 
conditions of equilibrium, the tendency for reactions involving 
the production of higher hydrocarbons to occur, was slight com- 
pared with the tendency for decomposition into its elements. 
Opposed to that consensus of scientific opinion were the very 
remarkable claims which had appeared in the patent literature 
during the last few years. For instance, Goudet* claimed the 
production of higher hydrocarbons from methane by heating 
methane to 500°—950° C., cooling to 250°—300° C., and after- 
wards subjecting the gas to the action of a catalyst, the whole 
operation being conducted under high pressure. In another 
case® claims were made of an 80 per cent. conversion of methane 
into ethylene and olefines without the formation of naphthalene 
and tar, by subjecting a thin stream of methane to a uniform 
heating followed by a sudden cooling, the products of reaction 
being kept under a vacuum of 40—50 cm. of mercury until com- 
pletely cooled. The Compagnie de Bethune* had patented a 
process for converting methane into hydrocarbon oils resembling 
petroleum, by heating methane to a temperature of 200—600° C. 
under pressure and in the presence of a catalyst. Finally the 
I. G. Farbenindustrie A.-G. claimed a process’ for converting 
methane into unsaturated compounds such as acetylene and 
ethylene by passing the methane under pressure over a contact 


1 Fuel, 1925, 4, 4 

J. Ind. Eng. Chem. 1916, 8, 674. 

* Fischer and Tropsch, Brennstoff. Chem., 1928, 9, 39. 
*E.P. 255,493. 

*E.P. 261,267. 

SE.P. 255,829 and F.P. 613,542. 

"E.P. 264,827. 
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mass maintained at a temperature of 700—1000° C. Provided 
the gaseous products were quickly removed from the reaction 
zone, acetylene was said to be the main product at very high 
temperatures, and ethylene at somewhat lower temperatures. 
The above claims were difficult to correlate with the known facts 
of the thermal decomposition of methane. In the Department 
of Petroleum Technology, University of Birmingham, a series of 
experiments had been carried out in which pure dry methane 
was passed over various contact masses at temperatures varying 
from 500°—1000° C. and at various gas rates. In no case were 
higher hydrocarbons obtained, while the gaseous products always 
consisted of hydrogen and unaltered methane, no measurable 
quantities of gaseous unsaturated hydrocarbons being present. 
In view of those conflicting statements, he would be glad if the 
author could give the members his views on the possibility of 
converting methane into higher hydrocarbons, saturated or un- 
saturated, by means of a pyrolytic treatment. 

Lieut.-Col. S. J. M. Auld, in reply, said he was grateful to 
Dr. Thole for repairing his omission to mention the use of sulphurous 
gas in internal-combustion engines. The knowledge that such 
gas is a satisfactory fuel in such circumstances is very useful. 
Of course, the gas which had been under discussion contained 
much more hydrogen sulphide than that especially referred to 
by Dr. Thole, but the effect was doubtless the same. The points 
raised by Dr. Henderson were of interest in drawing attention 
to the great difference which can exist between the gas/oil ratio 
as it is necessarily understood in practice and that used in the 
special calculations referred to in the Paper. In the former case 
the ratio represents all gas associated with the oil and may, and 
generally does, include much free gas. In the second case the 
ratio is only that of the gas actually dissolved in the oil to the 
volume of “solid” oil. The analyses quoted referred to gas 
separated from the oil at different pressures. The high pressure 
gas was that removed at the high pressure separators and 
referred to gas which was to all intents and purposes useless for 
stripping. The low pressure gas was that which actually came 
off at the main flow tanks. That explained the difference in com- 
position, since the reduction in pressure would effect fractionation. 
Gasoline extracted from highly sulphurous gas was not necessarily 
sulphurous. A raw gasoline from Persian gas contained only 
0-09 per cent. sulphur and was easily refined by ordinary methods 
to contain less than 0.002 per cent. sulphur. Mr. Stanley had 
made some very interesting remarks on the subject of pyrolysis. 
He hoped it would not be very long before he was able to say 
something about the actual work that had been done on that 
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subject and to compare notes with Mr. Stanley, but in the meantime 
the whole subject was sub judice, the information that he possessed 
in regard to the matter not being his own. It must be remembered 
that in decomposing natural gas, as he and his colleagues had 
been doing by thermal treatment, it was not always easy to dis. 
entangle the effect due to one constituent from that due to another. 
They were not quite sure what was happening, but he felt with 
Mr. Stanley that when material of an aromatic nature was formed 
by the heat treatment of the mixed hydrocarbons such as composed 
natural gas the part played by the methane was not very great ; 
so much so that if an easy way could be found of fractionating 
natural gas he would like to get hold of it and do the heat treatment 
of the hydrocarbons separately. 

The Chairman said that all the members who had taken part 
in the discussion had stated that they felt that the Institution 
was to be congratulated on having received from the author such 
@ genuine contribution to their knowledge. He was sure, therefore, 
it would be the wish of all present that a very hearty vote of 
thanks should be passed to Colonel Auld for his most instructive 
communication. 

The resolution of thanks was carried by acclamation, and the 
meeting terminated. 


The following written contribution to the discussion was sub- 
sequently received from Mr. Stephen Lacey :— 


I have read Col. Auld’s Paper with great interest, and am pleased 
to find that after a full investigation of the many empirical formule 
for determining the relation between the rate of flow of gas and 
pressure loss in pipes, he recommends the use of the method des- 
cribed in my Paper on “ Flow of Gas in Pipes,” presented to the 
Institution of Gas Engineers in 1923. 

The flow of gas in pipes is a branch of the general subject of the 
flow of fluids in pipes, and therefore the natural starting-point for 
an investigation of the special subject is the fundamental Chezy 
formula— 


29 4L° W 
which is applicable to all fluids where the flow is turbulent. 
€ in this formula is the co-efficient of friction and the usefulness 
of the formula turns on the accuracy with which £ can be evaluated. 
The earliest experiments on the flow of fluids showed that £ 
varies with the fluid. The well-known Pole’s formula for coal gas 
is the Chezy formula with changed units and with £ = 0-0065. 
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It was later discovered that { (for a particular fluid) varies with 
the diameter of the pipe, and consequently in the more reliable 
of the empirical formule developed from the Chezy formula ¢ will 
be found expressed in terms of the diameter of the pipe. Such 
formule can be confidently used only when the velocity of flow 
and the degree of roughness of the pipe correspond fairly closely 
to the conditions obtaining in the tests upon which the special 
formula has been based. 

The discovery that the co-efficient of friction ¢ in the Chezy 
formula is a function of— 

density x velocity x diameter (W V D) 
viscosity n 
made it possible to develop a truly scientific method of determining 
flow in pipes of any fluid, provided the density and viscosity of the 
fluid, and also the degree of roughness of the internal surface of the 
pipe, is known. 
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Stanton and Pannell’s classic experiments were made with com- 
mercially smooth-drawn brass pipes, and they established, for all 
pipes geometrically similar as regards roughness of internal surface 


to the test pipes, the relation between [ and ay? , for values 


WVD 


of from the lowest value at which turbulent flow exists 


up to a value of 10°. 

The full black line marked “smooth-drawn brass” on the 
following diagram is the upper limit of Stanton and Pannell’s tests. 
This datum line may be taken for the determination of £ where 
steel pipes are used. The dotted line in diagram corresponds to 
Q2 
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uncorroded cast-iron pipes according to my tests. Corroded pipes 
give values of {above the dotted line—the extent above depending 
upon the degree of roughness. 

The diagram applies to the flow of any fluid in any pipe of cir- 
cular cross-section. 

For dealing with gas flow problems special formule have been 
derived from the Chezy formula to suit the special units used in 
gas practice and to provide for the expansion of the gas in the length 
of pipe. The “high pressure” formula, developed by Unwin, is 

ds 
Q=2675 


The method of calculating the loss of pressure in a pipe line for 
a particular value of Q is as follows :— 


(1) Calculate from the equation re ~0-00481 


(2) From the diagram above select a value of ¢ in accord with 
the degree of roughness of pipe. 
(3) Use this value of {in 


as — Pe? 
Q=2675 Nest - 


The process thus described may appear cumbersome. In fact, it 
presents little difficulty and it has the great merit of keeping always 
in view the importance of correctly evaluating £ the co-efficient of 
friction. 

The following example will serve as an illustration :— 

Find the initial pressure required to pump 1,000,000 cubic feet 
per hour of gas of S.G. 0-5, through an 18-in. diameter pipe 100 
miles in length, the final pressure being 15 Ib. per square inch 
(absolute). The viscosity of the gas = 0°000136. 

WVD _ 0,00481 x x 1,000,000 
0°000136 x 18. 
=985,000 (approx.) 
For a steel main, the value of [ corresponding to this value of 


is 0-0031. 


p,* — p,* 
Q = 
Py = V(4-22 x 10* x £) + 225 
=115-3 lb. per sq. inch absolute 
or, gauge pressure of 100-6 Ib. per sq. inch. 
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If instead of taking { at the value of 0-0031, corresponding to a 
steel pipe, the value of 0-0060 is used corresponding to a heavily 


corroded pipe (where aL° = 10%, the value of p, becomes 


159°8 Ib. per square inch absolute. Gauge pressure = 145-1 lb. per 
square inch. 

Lieut.-Col. S. J. M. Auld (writing in reply to Mr. Lacey) 
expresses his thanks to Mr. Lacey for his valuable contribution, and 
states that he refers particularly to Mr. Lacey’s remarks in a short 
additional contribution in this Journal on the subject of “ Gas 
Flow in Pipes.” 
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The Flow and Measurement of Petroleum Products in 
Pipe-lines.* 


By 8. W. Apey, A.R.CS., B.Se., A.I.C. (Associate Member). 


Tre flow and measurement of fluids is dealt with fully in a 
number of text-books on Physics and Chemical Engineering, but 
as far as the author is aware there is no single treatise dealing 
specifically with the problems confronting the petroleum tech- 
nologists. The subject is treated either from the purely theoretical 
aspect or from the view-point of those studying water and air. 
The present paper is an attempt to lay down the main facts and 
equations deduced therefrom concerning the flow and measurement 
of natural gas, oil, and some chemical fluids. 

Considering, firstly, the general problem of the flow of fluids, 
gaseous or liquid, through pipe-lines we may discard as unsuitable 
any formule devised for specific substances such as water or air 
and consider the general conceptions of flow as originated and 
developed by Reynolds, Lord Rayleigh, Stanton and other workers. 

Our problem is generally to find the convenient size of line and 
pump or blower to get a certain volume of fluid per hour from one 
place to another; in other words, we want to know the pressure 
necessary to force a given quantity of fluid along any length of any 
sized pipe at any velocity. Highly viscous fluids passing slowly 
through small pipes flow in a particular manner termed “ stream- 
line,” in which the particles of the fluid travel parallel to the sides 
of the pipe. Reduction in viscosity or increase in pipe size or 
velocity of flow leads eventually to the type of fluid motion (changing 
to that ) termed “ turbulent ”’ or “‘ eddying flow ” when the particles 
of fluid move in a more or less haphazard manner. This latter 
condition is by far the more common in practice except in the case 
of very viscous oils. 

Whether the flow is “* turbulent ” or “ streamline ” may be deter- 
mined if the diameter and roughness of the pipe and the fluid 
velocity, specific gravity and viscosity are known. 

If d= Diameter of pipe-line in inches. 

u = Average linear velocity of fluid in feet per second. 

s = Specific gravity of fluid relative to water. 

z = The viscosity of the fluid relative to water at 68° F.—#.e., 
in centipoises. 


® Paper read before the Persian Branch of the Institution of Petroleum 
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ALIGNMENT CHART FOR Gas FLow 1n Pire-Lines. 
(Low-Pressure Flow.) 


Q = 183 / LGF 


Q = Cu. ft. per hour at 60° F. dnd 14-65 Ibs./sq. in. 


D = Diam. of pipe in inches. 
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H = Pressure p in inches of water. 


L = Length of line in feet. 
G = Sp. gr. of gas (Air=1). 
F = Friction factor. 
Aaxis = 183 ,/D*°H. 
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then the expression = is known as the Reynolds criterion and a 


knowledge of it enables us to determine, not only whether flow 
will be streamline or turbulent, but also the value of the frictional 
resistance to flow which will be offered under any given set of 
conditions. 

Generally speaking, the change from viscous to turbulent flow 
occurs at a definite value of u, for given values of d, s and z, known 
as the critical velocity and designated u,. In commercial steel 
pipes we may assume for most practical purposes that u, has a 
value such that aus _ 0.12. For values of = greater than 0-12 
flow will be turbulent and for values less than 0-12 flow will be 
streamline. This is however only an approximation, the critical 
point not being capable of definition between very narrow limits. 

A number of investigators have shown that both for stream. 
Jine and turbulent motion the force tending to retard flow is a 


function of = and if we term this resistance f, we can determine 


it exactly knowing the value of =. 


The equation connecting all the possible variables such as size 
of pipe, pressure drop, etc., is known as the Fanning Equation, 
and may be represented as :— 

_ 0-323 flsu* 
d 
where p=Pressure drop in lb. per sq. in. 
Length of pipe in feet. 
s=Sp. gravity of fluid relative to water. 
u=Average linear velocity of fluid in feet per second. 
d= Diameter of pipe in inches. 


f=Friction factor as determined from the value of = 


Knowing f, with the aid of this equation or some modification 
thereof, we can determine the cgnditions of flow for any liquid 
or gas. 

The researches of Stanton and Pannell in England, and later 
others carried out in America and elsewhere, have established the 


relation between f and = completely, and the graphs shown 


here, taken from “‘ The Principles of Chemical Engineering,’ by 
Walker, Lewis and McAdams, are the embodiment of their 
results. 
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An important point to notice is that we need not know the 
chemical nature of the fluid under consideration: all we have to 
determine is its viscosity and specific gravity. 

Taking the simplest case, we will assume that the volume of a 
liquid required to be passed per hour and the size of pipe are given, 
and we are required to determine the pressure drop which will 
occur. . 

Dividing the rate of flow in cubic feet per second by the area of 
cross-section of the pipe in square feet, we obtain u, the average 
linear velocity of the liquid. If s and z are not known, they may 
be determined in the laboratory, and we are then in a position to 


calculate =, and, from the graph, the value of f, which may then 


be substituted directly in the Fanning Equation and the pressure 
drop p in Ib. per sq. in. obtained. In a similar manner, if the 
pressure drop is given the length of line can be found. In order 
to determine either the quantity which will flow under a given 
pressure drop or the diameter of the pipe for a certain flow trial 
and error methods must be adopted, but these are not usually very 
troublesome since f does not vary rapidly with u in the turbulent 
flow region and pipe is only manufactured in definite sizes. 

The above method of tackling the problem applies to liquid flow, 
but for gases certain complications enter due to the volume of gas 
entering a pipe at one end never being as great as the volume leaving 
at the other, since the pressure drops as we pass down the pipe. If 
the pressure drop is a small fraction of the initial pressure—say, 
less than 5 per cent.—this effect may be neglected and the gas 
treated as a liquid for purposes of calculation. 

It will be noted that this change in volume of gas in the pipe does 
not affect the ease of evaluation of f since the effect of a change in 
volume is to alter the value of u and s in equal proportion in opposite 


directions. Hence = remains constant all along the pipe. The 


viscosity of a gas is always independent of pressure but unlike 
liquids increases with temperature. This increase is roughly 
proportional to the two-thirds power of the absolute temperature. 

Referring back to the Fanning Equation it will be observed that 
the expression includes the product su? which will of course vary with 
the pressure existing at any point in the line. This difficulty may 
be overcome by the use of a modified form of Unwin’s equation which 
is derived from Fanning’s by mathematical development. 

This equation may be stated, 
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Where u, = Initial velocity of gas in pipe at pressure p,. 
g = Acceleration due to gravity. 
R = Gas constant. 
T = Absolute temperature of the gas. 
m = Hydraulic mean radius of the pipe. 
P: & p, = Initial and final pressures of the gas respectively. 


From the above general equation Weymouth deduced the 
following expression in which British units are employed : 


Q= 1616 — 


Where Q = Volume of gas flowing in cubic feet per hour measured 
at the standard temperature and pressure T, and 
P,. The latter are usually 520° F. absolute and 
14-65 lbs. per sq. in. respectively. ' 


d = Diameter of pipe in inches. 
P: & p, = Initial and final pressure in lbs. sq. in. absolute. 
G = Specific gravity of gas relative to air. 
T = Temperature of flowing gas °F. absolute. 
L_ = Length of pipe in miles. 
f = The friction factor. 


If the pipe-line pressure is approximately atmospheric and the 
overall pressure drop only a few inches of water, the above equation 
simplifies to the form 


191-5 

Where h = Pressure drop in inches of water. 
1 = Length of main in feet. 

Q, G, f have their usual significance. 

In working out problems of flow under small pressure drops it 
will generally be found that f assumes a large value, often of the 
order of 0-01. 

In such cases f varies rapidly with small changes in the other 
factors d, u, s and z, and since the pressure drop is proportional to it, 
it should be very carefully computed. Such great care is not 
generally necessary where the pressure drop is high, f having values 
of the order of 0-004 and varying much more slowly with changes 
in the other factors. 

For purposes of calculation the viscosity of all natural gas may 
be taken as 0.012 centipoises at atmospheric temperature. In the 
absence of any experimental data this value has been calculated from 
the principles of the kinetic theory of gases. (See attached note.) 

The above equations take no account of bends, tees, etc., in pipe- 
lines and since these may often be responsible for much of the total 
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ure drop they require some consideration. In the case of 
tees, ells and bends, it is usual to add so many feet of straight 
pipe to the length under consideration, tables of these equivalent 
lengths being given in all text books on the subject. In low pressure 
gas distribution the layout can often be cheapened considerably 
by the introduction of easier and fewer bends. Alterations in the 
size of the pipe involving sudden changes in area of cross section 
result in a loss of pressure which must be allowed for in the usual 
manner if they occur frequently on the line. The head lost from 
changing from one size line to another or inserting a smaller sized 
valve can generally be reduced 80 per cent. by fitting cone shaped 
reducers and increasers. 

In long pipe-lines loss of head from the above causes seldom 
warrants consideration but in closely packed systems of pipe work, 
bends, changes in section, etc., may be the major resistances to 
overcome. 


Tae MEASUREMENT OF FLOWING Gas AND OIL. 


It is not proposed to review all the different types of meters in 
use, since but few of them are generally employed in the oil industry. 

Nearly all measurement is here carried out by venturi or orifice 
meters and it is proposed to explain the underlying principles of 
these and give sufficient information to enable anyone to instal 
an orifice gauge of fair accuracy without the need of previous 
calibration. 

A venturi tube is a contrivance by which the kinetic energy of a 
moving fluid may be temporarily increased by a definite proportion 
and the resulting drop in pressure energy measured. From a 
knowledge of the pressure drop at the throat of a venturi tube and 
the ratio of the area of cross section of the throat to that of the 
main pipe and the specific gravity of the fluid we are able to calcu- 
late the volume flcewing. 

For an incompressible liquid it can be shown that 


Us=,/7, a 
_ & 
(1 a? 


Where u, = velocity of liquid in the throat in ft. per sec. 
a, = Area of main pipe in sq. ft. 
a, = Area of throat in sq. ft. 
h = pressure drop measured in feet of the flowing liquid. 


The above equation is applicable when the flow in the pipe is 
turbulent and neglects the effect of friction. Meters of this type 
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are not in common use in cases of viscous flow but are manufactured 
by certain firms, the equation then taking a different form. 

The great point in favour of the venturi meter is that although 
a certain loss of pressure occurs in the throat practically the whole 
of this is regained further down the pipe, thus the power required 
to work the meter is negligible. High cost, however, has very much 
limited their use in the petroleum industry. 

The principle of operation of the orifice meter is the same as the 
venturi—it is simply a device for temporarily increasing the velocity 
of the fluid stream and from a measurement of the energy changes 
involved, determining the quantity of fluid passing. 

If a fluid moves with a velocity u, feet per second in a horizontal 
pipe of a, square feet cross section under a pressure equivalent to 
h, feet of the fluid and then enters a smaller area a, (caused, say, 
by a hole in a diaphragm in the pipe) its velocity will be increased 
to u,. This increase in velocity results in an increase in kinetic 
energy which, neglecting friction, must be balanced by a decrease 
in pressure energy or in other words h, assumes a lower value in the 
smaller section—say h,. Then from Bernouilli’s Theorem 

u3—u? = 64-4(h, — h,) 
or since = 


ai 


where h is the pressure drop in feet of the flowing fluid. 

In practice a, is the area of the main and a, the area of the orifice, 
but this latter is not the area to which the stream actually contracts, 
since after passing through the orifice the stream contracts still 
further before finally expanding to the size of the pipe again. 
Furthermore there is a dead space behind the orifice plate in which 
eddy currents are formed and these cause a further loss of energy. 

The above equation is, therefore, not exact, and it is necessary to 
multiply the right hand side by a factor called the discharge co- 
efficient which we will represent by C. The value of this discharge 
coefficient varies with the pressure drop across the orifice, the shape 
of the orifice, the position of the pressure holes, and to a slight 
extent with the ratio of the area of the orifice to that of the pipe. 

For square-edged circular holes bored carefully in thin plate and 
fitted axially in the pipe, © assumes a value of 0°608, the pressure 
holes being close to the orifice plate so that our equation 
becomes :— 


0-02 


0-01 


0005 


Q=—0-608a, /h 
a3 
ay 


0-02 


0-01 


0005 


ADEY : FLOW AND MEASUREMENT. 


Q - 300,000 B 

(AyD) 
}— 100000 (z B) 
0-004 
10000 
G 0-005 
20 
006 
15 0-007 
008 

10 0009 
: 
02 

2 

100 
02 


ALIGNMENT CHART FoR EvaLuatinG Fricrion Factor F. 


G 
D 
Z 


= Cu. ft. per hour at 60° F. and 14-65 lbs. sq. in. 

= Gas density (Air=1). 

= Diam. of pipe-line in inches. 

Viscosity relative to water at 68° F. (centipoises). 
Q and G give point on A axis. 

Point on A and D gives point on B axis. 

Point on B and Z gives F. 
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where Q=discharge in cubic feet per second. The above equation 
holds for any fluid moving through a pipe if the pressure drop h is 
only a few per cent. of the line pressure and the ratio of the diameter 
of the orifice to that of the pipe does not exceed 0-7. 

If h is measured, as is usual, in inches of water hy, we must 
divide this latter by the specific gravity of fluid relative to water 
measured under the conditions obtaining at the orifice itself. 

If the flow in the pipe is streamline or, in fact, anywhere near 
the critical point, we cannot use the above equation, but must 
calibrate the orifice against a tank or another meter. It is, 
however, very much better to avoid the use of orifice meters at 
all where flow is streamline. In such cases a correction for 
viscosity has to be applied, and this is seldom possible because 
viscosity changes so rapidly with temperature. In the case of 
residues from stills and other heavy oils in a refinery, it will be 
appreciated that even at constant temperature the viscosity is 
often a very variable quantity. 

A modification of the sharp-edged orifice plate is the well- 
rounded nozzle known as the German standard nozzle. This is 
particularly useful for gas measurements, and great accuracy is 
claimed for it. Unless the pressure drop across a square-edged 
orifice is small, the coefficient of discharge is not constant, but it 
is claimed that in the case of the standard nozzle much greater 
constancy is obtained. 

The Pitot tube, which is probably familiar to everybody, is also 
used to some extent for gas measurement in the oil industry. In 
this apparatus the pressure exerted by the gas is measured in two 
directions, (1) parallel to the direction of flow, (2) at right angles 
to it. By subtracting these two pressures from one another the 
pressure due to the motion of the gas is obtained. 

If the velocity of the gas is u feet per second and the pressure 
due to this motion is equal to that due to h feet of the gas, then 

u=V/2 gh. 
hence a knowledge of h enables us to determine u. 

The main difficulties in obtaining accurate results with a Pitot 
tube are 

(a) The dynamic pressure is usually very small and difficult to 

measure. 

(6) The static pressure is difficult to measure accurately. 

(c) The velocity of the gas varies with the distance from the 

side of the pipe, going from zero to a maximum at the centre. 
It is, therefore, necessary to take a number of readings at 
different places right across the pipe, or else place the tube 
at the centre and assume that the average velocity is some 
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definite fraction of this maximum velocity. For turbulent 
flow in commercial pipe the average velocity is about 0-8 of 
that at the centre, and for viscous flow 0-5 of that at the 
centre. 

_ The general equation of flow for the Pitot tube is :— 

hw P 

GT 

where Q is the volume of gas in cubic feet per day at standard 
atmospheric pressure (14-65 lbs. per square inch and 60°F.). 


Q = 186,000 d? x E 


hy is the dynamic pressure in inches of water. 

p _ is the absolute static pressure in the main in pounds per 
square inch. 

Gis the specific gravity of the gas relative to air. 

T is the absolute flowing temperature (°F. plus 460). 

E is 0-8 for turbulent flow and 0-5 for viscous flow. 


The main advantage of the Pitot tube is its portability and the 
ease with which it may be inserted in a line without dismantling 
by simply drilling two small holes to insert the tubes. Under such 
conditions, however, a high degree of accuracy cannot be expected. 
Returning to orifice meters, it is not usual in practice to 
consider the discharge coefficient itself, but a term “ orifice 
efficiency” is used. Referring to the discharge equation already 
given, the efficiency E is simply 


c 


aj 


and tables of the variation of E with = are given in various 
1 
books and by certain meter manufacturers. In commercial 


meters, E varies with the position of the pressure holes, and, as 
different makers favour different positions for these, their tables 


of E versus = differ also. In calculating orifice discharges, it 
1 

is always preferable to use the values of E given by the meter 

manufacturer than those calculated from the above equation, since 

the former are the result of carefully carried out experimental 

work. 

For convenience of installation and compactness, the most 
favoured position for the pressure holes is close to the plate, the 
edge of the flanges holding the diaphragm being drilled. 

Orifice plates should be made of smooth plate not more than 
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h in. thick or, in the very large sizes, % in. For very small orifices 
less than 4 in. diameter thinner plate still is required, and in the 
case of these small plates each orifice should be calibrated separately, 
if accuracy is needed. Variations in the thickness of the plate 
and the roughness of the hole seriously affect the efficiency figure. 


»~ 


"he 


os 


o2 


Diagram showing relation between differential pressure across an orifice and 
the actual loss of line pressure occasioned by inserting the orifice. 
d = Orifice diam. D = Pipediam. hw = diff. pressure. h; = lost head. 


For commercial work orifices must be bored accurately to 
0-001 in. Their discharge coefficients from experimentally 
determined values of E may then be calculated with an accuracy 
of 2 per cent. 

The practical equation of discharge for an orifice plate, passing 
a liquid of specific gravity G (relative to water), the differential 
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pressure being measured on a mercury manometer, the liquid 
above the mercury being the same as that on the pipe, is 


= 284 Bat G) 


where Q=flow in Imperial gallons per hour. 
E=efficiency of the orifice. 
d=diameter of the orifice in inches. 
h=recorded differential pressure in inches of mercury. 


If the differential pressure is read as inches of water on a gauge 
filled with mercury and originally calibrated with air over the 
mercury :— 

H(13-58 — G) 
13-58 G 

This is the usual condition in a recording gauge. If, as some- 
times happens, the maker calibrates his recorder with water over 
the mercury the above equation becomes 
— G) 

12-58 G 

Before designing an orifice for heavy oils or residues the value 

of the criterion = should be found and if, from this, it is thought 


that the flow will be streamline the orifice should be inserted in a 
length of smaller pipe, so designed as to ensure turbulent flow. If 
this cannot be arranged it is better to discard the orifice meter 
altogether unless the viscosity can be foreshadowed with con- 
siderable accuracy. If it is proposed to use such a meter in a 
streamline flow region, it must be specially calibrated with the 
liquid in question beforehand. 

Turning now to the question of metering gas through an orifice, 
we find that the same considerations hold and the same fundamental 
equation is true. In view, however, of the compressibility of gases, 
and the fact that we require for our calculations the density of the 
gas under the conditions of pressure and temperature obtaining 
at the orifice, the equations are more complicated. 

The general equation for the flow of gas through an orifice is 


Q = 284 Ed? 


Q = 284 Ed? 


Q = 31,520 Ed%a/ 


where Q = cubic feet per day of gas measured at pressure per lbs. 
per sq. inch and absolute temperature T°Fah. just 


after the orifice. 
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where G=Sp. gravity of the gas relative to air. 
hy = Differential pressure across the orifice in inches of water. 
E & d. = have the same significance as in the equation for liquids. 


If it is desired to know the volume that this gas would occupy 
under standard conditions of temperature and pressure (say, T, 
and p,), the equation becomes 


T, /h eT 
= 5245 hwl 
Q Ed x Gp 
The usual standard conditions are 14.65 lbs. per sq. in. absolute 


(an average for the atmospheric pressure) and 60°F. (520° abs.). 
Substituting these, the above equation simplifies to 


Q. = 186,100 Ed* 


which is the equation by which flow calculations are normally solved. 
It is also common practice to consider only h, and p as variables 
combining all the other figures in an “ hourly coefficient ’’ such that 


Qs = CV hep 
Any variations in G and T are then corrected from published 
tables. The value of C is given by the equation 


1 
ats, 
C = 218-54 Ed? TG 


If it is desired to calculate the size of an orifice having given 
Q., hy and p, C is calculated from the equation 


Qe = CV hep 

and the corresponding size of orifice is then looked up in a table 
of hourly coefficients such as is published in various text books 
and by certain meter manufacturers. It can, of course, be calculated 
direct from the general equation if this is solved for Ed*. Since, 
however, E varies with the ratio of orifice to pipe diameter the 
determination of d from Ed? is laborious unless curves of d plotted 
against Ed? for the size of pipe in question are to hand. If many cal- 
culations are being made the trouble of constructing such curves is 
well worth while. 

In this paper an attempt has been made to give sufficient data 
to enable orifice sizes to be calculated for any normal conditions. 
Values of hourly coefficients, the varistions of E with orifice and 
pipe size and much other useful information is to be found in 
** Natural Gasoline ’’ by Oberfell and Alden. ‘‘ Natural Gas’’ by 
Lichty and “ The Principles of Chemical Engineering ’’ by Walker 
Lewis and McAdams have been used freely in the compilation of 


this paper. 
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VISCOSITY OF SOME HYDROCARBON VAPOURS. 
A 
2v2 
se 3 
Pp 
Where :— 4=mean free 


th. 

¢— Volume o molecules = b 

Volume actually occupied by molecules. 
6 = -26x critical volume of vapour. 
p = pressure of gas. 
p = density of ges. 
7 = Viscosity of gas. 

all expressed in C.G.8. units. 


From the above are obtained the following values of 7 for some hydrocarbon 
vapours at N.T.P. 


Methane -000120 Pentane os -000107 
Ethane os -000120 Hexane -000104 
Propane oe -000118 Heptane -000101 
Butane oe Octane -000100 


Taking a value of -000116 for natural gas (=-0116 centipoises) the following 
approximate values are calculated at various temperatures. 


T » Z centipoi 


868. 
| 
R2 
= 


The Flow of Fluids in Pipes,* 
By E. S. L. Beate and P. Docxsey, B.A. 


Tue work of Stanton on Turbulent Flow in Pipes formed the 
advent of a new and theoretically correct way of attacking flow 
problems. For dealing with the flow of all fluids, this method of 
interpreting previous results represents a tremendous advance in 
the ease with which all problems on fluid friction in pipes may be 
accurately solved. An exception may possibly be made in the 
case of water, not because the Stanton method is not applicable, 
but because the flow of water has been studied so extensively in 
the past that empirical formule have been produced to suit 
practically all ordinary circumstances. 

It cannot be said that accurate empirical formule exist for 
dealing with other liquids or gases. Neither is the use of the 
“Stanton Curve,” the means by which such problems may be 
solved, at all general to-day. It is the aim of the authors to present 
the subject briefly and systematically, but at the same time in such 
a form that it will be of use to the practical engineer, and par- 
ticularly to those dealing with the flow of petroleum liquids, vapours 
and gases. At the same time it is their belief that those who will 
start from first principles and unravel the subject for themselves 
will be amply repaid for their labour, not only because they will 
have achieved extra certainty in their own minds, but because a 
better knowledge of the subject will make it possible to extend 
Stanton’s method of interpreting results to their own particular 
cases. 

These two aims will serve to explain the plan on which the paper 
has been built and the fact that the derivation of the equations 
is given somewhat fully, no step in the algebra being omitted. 
The first part is mainly theoretical, and shows the use made by 


Stanton of the Reynolds’ criterion > , and the ease with which 
a knowledge of the value of this function, in the case of any fluid 


in a pipe, enables us to determine ~ a function which appears 


in the flow equations as a friction factor. 


* Paper received Apri] 23, 1928. 
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symbols used in the two functions are :— 


v = mean linear velocity of fluid in the pipe ; 

D = diameter of pipe ; 

p = density of fluid ; 

n = absolute viscosity of fluid 

R = Frictional force per unit area of pipe surface -— 


The effect of pipe roughness is then dealt with, and a set of 
“ Stanton Curves” connecting (R/pv*) and the Reynolds’ Criterion 
is given. The equations of flow for liquids and gases are derived 
from first principles, the function (R/pv*) being retained in the final 
form as the “ friction factor.” 

Lastly the equations are put into a form which will, it is hoped, 
prove useful to the practical man. 


Part I. 
The Significance of the Reynolds’ Criterion 


There are two distinct types of motion which can occur in a 
fluid moving past solid surfaces. 

One is known as streamline flow, in which the resistance to 
motion is proportional to the relative speed of solid and fluid, 
and where the motion of the fluid particles is as orderly and direct 
as possible. 

The other is known as turbulent flow in which the resistance to 
motion is more nearly proportional to the square of the velocity. 
In this case the fluid particles take the most sinuous course possible, 
due to the existence of eddies. 

Osborne Reynolds was the first to show that it was the value of 


the function a which determined which type of motion would 
occur in the case of water in a circular pipe. 


In this function a known as the Reynolds’ criterion, 


vDp. 
n 


vy = mean linear velocity of the fluid ; 
D = diameter of the pipe ; 

p = density of fluid; 

n = absolute viscosity of fluid ; 

Now, kinematic viscosity is denoted by v, and is equal to the 


absolute viscosity divided by the density— 


v= 
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The alternative form of the Reynolds’ Criterion is, therefore, = 
v 


In this paper, however, the full form te will be used as being, 


slightly preferable, but it must be clearly understood that the two 
forms are identical. 

The velocity, at which the change from one type of motion to the 
other occurs, is known as the critical velocity. 

To be exact Reynolds found two critical velocities, the upper, at 
which streamline motion, carefully guarded against incidental 
disturbances, would spontaneously break down and turbulent flow 
set in ; and the lower, at which an artificially produced state of 
turbulence would die out in a long straight pipe, and the flow 
become streamline. 


Reynolds found that the value of > at either of these critical 


points was constant, and if all the terms in this function are ex- 
p ressed in self consistent units, the numerical value of the function 
vDp is 3,000 at the upper critical velocity, and 2,000 at the lower. 

: Rayleigh was able to show theoretically that (R/pv*) is a 
function of "P (where R — resistance per unit area of tube surface 


and the other symbols have their former significance), but the 
theoretical investigation did not provide any knowledge of the 
form of the function. Stanton, working at the N.P.L., set himself 
the task of finding the relation between the two functions. His 
work was carried out on smooth drawn copper and brass tubes, and 
in his experiments all four functions, v, D, p and » were varied over 
a wide range, air and water being used as the fluids. It should be 
noted that the effect of the roughness of the pipe surface was 
not determined by this investigation, since, although the pipe 
diameters varied, the pipe surface was nearly perfectly smooth, and 
the relative roughness did not alter much (cf. section on effect of 
roughness). 

The result of Stanton’s experiments was to show that if a graph 


is constructed in which (R/pv’) is plotted against we 


ship is represented by a single curve. This single curve holds for all 
fluids at all velocities of flow and in pipes of any diameter. This 
curve is the one given as B on the graph on page 239. The graph 
and form of the curve are explained in detail in a later section. 
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GRAPH SHOWING RELATION BETWEEN vDp and R 


4 


SS »" 


evr 


Curve. Authority. Type of surface. 
A | Reynolds .. Drawn lead | 0-62—1-27 
B | Stanton. Drawn brass .-| 4—5 | 0-36—12-6 
Saph and Schoder | Drawn brass *26— 51 
Gibson Drawn copper oe 19— 38 
C | Swindin.. .-| Rubber hose 1 2-5 
= D | Lander oe .-| Drawn steel ae --| 0-42 1:07 

E | Barnes .-| C.I. asphalted es --| 12 
F | Barnes oe .-| C.I. asphalted 4 
= G | Gibson .-| Galvanised iron (probably 
rough specimen) 2 
H | Hodgson .. .-| Heavily ain in. 

J | Hodgson .. of 


Notse.—A is probably the lower limit of smoothness only 
applicable to special surfaces or very large diameters. B is quoted 
by Durand in “ Day’s Handbook,” and is suitable for pipe-lines 
8 in.—12 in. diameter. C is suitable for commercial steel pipes 
2 in.—6 in. diameter, without joints. D is suitable for pipes 
in.—1 in. 


The experimental results of Kite and Kennedy indicate that 
the effect of joints on pipes is to increase the value of (R/pv*) by 
between 5 and 15 per cent. 

It is recommended that the following corrections should be 
made to the value of (R/pv*) when the curves A, B, C and D 
are used for calculations on turbulent flow in jointed pipes. 


Values of up to 5,000 add 15% to (R/pv?). 


» » 5,000 to 20,000 ,, 10% ” 
” ”? above 20,000 ” 5% ” 


1J. Ind. Eng. Chem.. 14, No. 1. 
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The Significance of (R/pv*). 

The usual flow formule for the turbulent region contain a 
“friction factor ’’ denoted by ‘‘f”’ “z,” etc., the value of which is 
the main source of doubt in the use of the formula. For instance, 
the formula given in Day’s Handbook as D’Arcy’s Formula is 


where :— 

p = pressure drop along pipe. 

L = length of pipe. 

D = diameter. 

p = density of fluid. 

v = mean linear velocity of fluid. 
“f” is called the friction factor and its value is uncertain. If now, 
we take the formula derived in a later section of this paper as that 
holding for a liquid flowing in a pipe, we have :— 
pv* 

This formula can be quite simply derived from the fact that R is 
the frictional force per unit area of pipe surface. We thus see that 
the ‘‘ f ” of the first formula may be replaced by 8(R/pv*), in other 
words (R/pv*) may be used as a friction factor; and, moreover, 
it is a friction factor which has an intrinsic significance. 

In the past various attempts were made to give “f” some 
empirical value which would hold for all cases. It was given a 
constant value, made to depend on some power of the diameter 
or the velocity, and even upon the density. Further attempts to 
overcome the difficulty introduced by the uncertainty in the value 
of ‘‘f”’ were the production of exponential formule, in which the 
friction factor was discarded altogether. 

The algebraic function representing Stanton’s curve has been 
worked out by Lees.t From an examination of this function it is 
clear that no such attempts can be successful, except over a very 
restricted range. 

Stanton’s Curre. 


It has already been stated that the curve representing Stanton’s 
experimental results is that labelled B on the graph. If the graph 
is examined it will be seen that along the horizontal axis is a logar- 


ithmic scale for e , while the vertical axis gives (R/pv*) on a 


Dp\ 035 
t (R/pv* — 0-0009) = 0-0765. 
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straight scale. It will also be noticed that no units are given. The 
reason is that both (R/pv*) and "OP are dimensionless quantities,* 


and their values will not vary whatever system of units is used, as 
long as the system is self-consistent. Thus the numerical values 
given on the graph are of universal application, since any set of 
self-consistent units whatever will give identical results. 


If, however, the terms occurring in me are expressed in feet 


inches, centimetres and centipoises as in the regrettable function 
=, or on any other mixture of units, the universal character of 


the graph is quite lost. It has been thought better to give the 
numerical values corresponding to self-consistent units only on the 
graph, and to supply in the second part of the paper a set of con- 
version factors, by which the various mixtures of units can be 
converted to a self-consistent value for use on the graph. 

The curve itself will be seen to consist of two distinct sections. 
The left-hand part represents the relation between (R/pv*) and 


P for stream-line motion. The equation for this line is 


(R/pv*) = 8 ~ 
which is so simple that it may be conveniently used for determining 
the value of (R/pv*) in this region. This line, therefore, is only 
indicated on the graph over a short range. 

The right-hand branch represents the same relation in the turbu- 
lent flow region. In this case the equation is too complicated to be 
used in the practical determination of (R/pv*). 

Between these two sections occurs a break in the curve at what 
is known as the critical region. The change from streamline to 
turbulent motion is influenced by such factors as the shape of the 
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entrance to the pipe, the state of the surface, and the distance from 
the entrance of the section of pipe under consideration. If the pipe 
is rough, and has joints, bends and elbows in it, the change occurs 


at a lower value of we , and the second section of the line may be 


extrapolated upwards to the left. Some writers go so far as to carry 
this extrapolation until the turbulent-flow line reaches the stream- 
line-flow line, and take this as the critical point. There is probably 
no objection to this practice in the case of most commercial pipes, 
which are not particularly smooth, and which contain frequent 
joints, bends, ete.; but with a relatively smooth long straight 
pipe, streamline flow undoubtedly continues beyond this point. 
It is safest to say that in this region the two lines represent the upper 
and lower limits of the value of (R/pv*). The dashed line on the 
graph, which represents the mean of Stanton’s points, may be taken 


as the practical upper limit of we, at which both types of motion 


can exist, and the practical view of this complex region is to use 
whichever value of R/pv* gives the greatest factor of safety in the 


calculation. 


Non-Circular Sections. 


The Stanton curves have only been worked out for circular 
pipes, and for this reason the size of the pipe has always been 
defined by its diameter. 

In the case of a non-circular pipe or open channel, which clearly 
has no diameter, the most satisfactory method of determining 
(R/pv*) is to calculate the ‘* equivalent diameter ” of the section. 

area 
wetted 


The hydraulic mean depth, m (= 


for any section, and in the case of circular pipes m = rt The 
effective diameter for any section is therefore taken as D=4m, 


the expression er being used as the equivalent of “ee ‘ 
However, until more work is done on the subject this method 
must be regarded as tentative. 


Use of (R/pv?) as the friction factor. 


In a previous section it was shown that “f” in Darcy's 
Formula, in the form quoted by Day, equals 8(R/pv*). Obviously 
the graph might have been made to show the relation between 
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“f” and we by simply changing the numerals on the vertica] 
axis. This has not been done: in the equations quoted in this 
paper the term (R/pv*) appears as the friction factor. The 
value of this function may be easily obtained from the graph. 

The reasons for the retention of (R/pv*) as the friction factor 
are as follows :— 

Two formuls, here lettered (a) and (5), have already been quoted. 
They are substantially the same in form, with the exception 
that one contains a friction factor “f,” and the other the term 
8(R/pv*), which was shown to be numerically identical with 
“f.” To this is added a third formula (c). 


p = &(R/pv*). 


p = pressure drop 

L = length of pipe 

D = diameter 

v = mean linear velocity 
p = density of fluid. 

(a) is the formula derived from first principles in this paper 
for liquid flow. 

(6) is a formula which is referred to as the D'Arcy and Fanning 
formula by Swindin'; asthe D’Arcy formula by Durrand?; 
and is also given by Gibson.’ 

(c) is referred to as the D’Arcy formula by Swindin*; and 
as the Fanning formula by Walker, Lewis and McAdams.‘ 

The friction factor is denoted by the letter “f” by all these 
authorities. Thus we have at the outset two different friction 
factors mentioned in the literature, both of them represented 
by the letter “f,” one of which is obviously equal to 8(R/pv*) 
and the other to 2(R/pv’). 

This is but a glimpse into the mass of constants occurring in 
flow formule labelled f, ¢, 8, c, «, etc., all of which differ among 
themselves, but which are all some multiple of (R/pv°). 


? Swindin, “‘ Flow of Liquid Chemicals in Pipes.” 

* Day’s Handbook of the Petroleum Industry. 

* Gibson, “ Hydraulics and its Application.” 

* Swindin, “‘ Modern Theory and Practice of Pumping.” 

* Walker, Lewis and McAdams, “ Principles of Chemical Engineering.” 
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To avoid confusion it has been thought desirable in this paper 
not to replace (R/pv*) by any symbol. The function has the 
merit that it is completely determined by the factors R, p and v 
which appear in it. Further, it will be found that the factor 
occurs naturally in the derivation of the flow formule. 


The effect of roughness. 


In the turbulent flow region the resistance to flow is affected 
by the condition of the pipe surface. A rough surface makes the 
resistance greater owing to increased eddy formation. 

There is no means of measuring relative roughness at present ; 
but it must be realised that it depends upon the pipe diameter, since 
with two pipes having exactly the same type of surface, that 
with the smaller diameter will be relatively rougher. 

The relative roughness does not affect the relation between 


7 and (R/pv*) in the stream line flow region; consequently 


there is only one line in that region, whereas in the turbulent 
flow region a series of curves are drawn which may be called lines 
of constant relative roughness. The table attached to the graph 
gives the type of surface and the range of diameters for which 
each line applies. 

Each line gives the results of carefully conducted experiments, 
the curves B and D, of Stanton and Lander respectively, being 
particularly well checked. 

As an instance of the dependence of relative roughness on 
diameter we may take the following case. The curves B, C and D 
represent the relation between (R/pv*) and me for commercial 
drawn steel pipes having similar surfaces, but of different diameters. 
B is found to fit clean oil pipe-lines 8 in.—12 in., C, pipes 2 in.—6 in., 
and D is that for 0-42in. in Lander’s experiments. 

The curves given are found to suit most practical cases of clean 
pipes of commercial quality, but cases frequently arise when 
special circumstances alter the surface profoundly, as when 
corrosion or deposition have taken place. 

In extreme cases of tuberculation the effect on the friction is 
so great as to be explicable only on the assumption that the 
effective diameter has been reduced as well as the production of 
a particularly rough surface. For instance, Hodgson quotes a 
4in. pipe encrusted with jin. nodules with a value for R/pv* 


of 0-013, when ~ 7 — 1,000,000. 
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But even far less extreme cases than this must be considered 
out of the ordinary run. The best method is to plot the points 
obtained in practice in these special circumstances on the chart, 
as they cannot be dealt with by any chart of general utility. 


Caleulation of for gas 


When a gas is flowing through a pipe neither v nor p is constant 
owing to the change of pressure along the pipe. 
This change of pressure greatly complicates the flow equations for 


a gas, but fortunately does not complicate the value of ~ » as v 


and p both change with the pressure, but in opposite directions, 
The product vp is constant, being proportional to the weight of 
gas flowing past any point in the pipe in unit time. Since D and 


are unchanged by pressure we may be calculated by using values 


of v and p at any point along the pipe. In practice the values for 
v and p are usually those obtaining at one of the two ends of the 
pipe, where the pressure conditions are fully known. 

To correct kinematic viscosity for pressure, 

In a gas the absoiute viscosity does not change with pressure, 
but the density is proportional to the absolute pressure. The Kine- 
matic viscosity (/p) is therefore inversely proportional to the 
absolute pressure. 

If the Kinematic viscosity of a gas is known at atmospheric 
pressure, that at any other pressure can be simply obtained by 
dividing this value by the pressure in atmospheres. 


Derivation of Equations of Fluid Flow in Pipes. 

In what follows the essential formule used in the calculation of 
the flow of liquids and gases in circular pipes are derived from first 
principles, starting on the basis of a knowledge of the value of 
(R/pv*) previously determined for the particular case by the calcu- 


lation of vDp and the use of the Stanton Curves. 


It has been thought desirable to confine the equations to those 
for circular pipes, as these are by far the most frequently required, 
and since the treatment depends essentially on the use of the 
Stanton curves, which were all determined for circular pipes only. 

When required for sections other than circular, the substitution 
of m = 7 can be made in the final form without further change 


except in the formule containing Q. 
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Derivation of Flow Formule. 
(a) Liquid Flow. 
Liquids being practically incompressible, for a pipe of constant 
cross section the mean linear velocity will be constant. 


L 


Consider a length L of pipe of diameter D, through which a 
liquid of density p flows at a mean linear velocity v. The pressure 
difference between the two sections length L apart is (P,—P,) = p. 

Let the frictional force per unit area of wetted surface = R. 

Then the force on the section due to the difference of pressure = 
force due to friction, i.e., 


p X cross section = R x wetted area. 
= Rx 


L pv? 
= 


The expression for p is split up into the three terms in order to 
introduce a term (R/pv*), which can be evaluated from the graph, 


2 
and to give a term p . which is the velocity head. The separation 


of this last term will be found to be particularly useful in making 
allowance for bends, elbows, etc. 

p is here a force divided by an area (1.e., dynes per sq. cm., or 
poundals per sq. foot). In practice the pressure difference is ex- 
pressed in pounds rather than poundals, and the equation then 
becomes 


2 
p= 


(6) Gas Flow (isothermal). 

Gases being compressible, in a pipe of constant cross-section the 
mean linear velocity is not constant. The product of the absolute 
pressure and the specific volume (volume containing unit mass of 
gas) is constant at constant temperature. 

The derivation of all gas flow equations can be made most simply 
from the equation of energy, an application of Bernouilli’s Theorem. 

R* 
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Consider a pipe length L, of diameter D, and cross-section A, in 
which a gas (density p, at pressure P, )flows so that a mass M passes 
any point in the pipe in unit time. The pressures P, and P, 
specific volumes V, and V,, densities p,, p, and mean linear veloci- 


kK al > D 

P P-dP R 
"A V+aV V2 
f2 
U; v U2 


ties v,, V, at the two ends are indicated in the sketch. The tempera. 
ture is constant over the length of the pipe. 

Consider a short length of pipedL. The pressure at the upstream 
end =P; specific volume = V; mean linear velocity = v. 

At the down stream cross-section the values are P—dP, V + dV, 
and v + dv. 

Then the energy equation may be written as follows :— 


3 g 5| § 
§ BIS B § 
ok 


Now for a gas PV=(P—dP)(V+dV), so that 
MPV— M(P—dP)(V+dV) cancels out and the equation 
becomes :— 
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If R is the resistance to flow per unit area of pipe surface, from 
equation (1) 


dL 
Hence :— 
2 2 2 
v.A.8(R/pv*) . ,& — Mvdv — + MPAV. 


2 
—-s is a second order differential and may be neglected. 


v.A.8(R/pv4) — MPdV — Mvdv. 


MV MdV 


1 


Substituting for v and dv, and putting p = ye get 
1 Mv? MV Md 
Now * = constant = P,V, 
p— 
for simplifying 
dv 
(Ripv,) D . VdV. 


Divide both sides y MV?. 
dV 
limits O—L, V ve 


y2 


L_ P,V, M? 
P,V, = P,V;, and the first term on R.H.S. may be pee _ 


V 3)= 2P,V V;? 2 )= A (P,?- P,’) 
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making these two substitutions in the equation we get 


MB + logs pt | = (Pst 
Multiply both sides by V,?. 
Now = = v, and V, = > 
=2 [aR pv?) + loge p re (3) 


This is the fundamental flow equation for a gas. When a 


D 
becomes large (> 200 in practice) the second term in the bracket 
on the right hand side becomes small when compared with the 
first, and may be neglected. The equation then becomes :— 


_ » L pv? 
~ 2P, = 8(R/pv") . 55. > (4) 
This equation is used in practice for gas flow where the pressure 
drop is large, and where : > 200. 


Again : if (P,—P,) is small compared with P,, the left hand side 
can be simplified in the following way :— 
PS PMP, — 


1 
2P, oP, oP, (pressure drop). 


Hence when . > 200 and the pressure drop (P,—P,) = p is small. 


the equation becomes :— 
L piv}? 


p = &(R/pv*) . D 


which is the equation for an incompressible fluid. 


Derivation of Expression for the Volume of Fluid Flowing. 
(a) Liquids. 


Let Q be the volume of liquid flowing in unit time. 
From equation (2) we have :— 


(b) Ga 
Equ 


when 
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Then 
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L pv? 
p = 8(R/pv*) 2g 
2gD.P 
oF RR /pv4) - pL 
Now Q = = v 
16Q? 
y® ax 
or = 
Therefore, 
mD* = -8( R/pv*) pL 
Q? = 2n*gD®p 
128(R/pv?) . pL 
(6) 


© gives 


= of pv*) + loge |. 
P, 


2¢ 


when P, and P, are expressed as grams per sq. cm. 


Vi Pi 2P, [ 2 L 
4(Ripv") . + loge 
Let Qs be the volume flowing per second reduced to standard 
conditions Ps (absolute pressure) and Ts (absolute temperature), 


and T be the absolute temperature of the gas under flow conditions : 
also let the density under standard conditions be p,, so that 


Ps = Pi 


TP, 

Then Qs = Q,. 
TP; ps. 2P, 


Pal. L 
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When 4(R/pv") 5 becomes large compared with log, 
when L >200) this reduces to :— 


D 
gD(P,? 


When P,—P, is small compared with P,, 


P; —P; = 2pP,. 
gD*p 


Conversion to Formula of the Weymouth Type. 


In the above formula p, is the true density of the gas at P, Ts. 
In practice this is replaced by G, the specific gravity of the gas 
relative to air. 

Then if p,, is the density of air at P, T,, 


Po = 
nnrenen in formula (7) we get :— 
4gD“(P? — PY) 


2 
Multiplying by : outside the square root and by a inside, 
8 8 
and simplifying :— 


= 
8 [ + log. 5] 


Now Tp. T, x (specific volume of air) = constant (if we 


assume air to be a perfect gas). 
Collecting all the constant terms we then have :— 


Q= B; [ + loge | -GT ....(10) 
2 
In a similar way formula (8) becomes :— 
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The term in the first bracket is constant for any particular 
temperature scale and set of units. If these are decided upon 
its value may be calculated, and the constants for cases frequently 
occurring in practice are given in Part II. 


Part II. 


In the theoretical section all equations have been expressed for 
use with self-consistent units. Equations in this form are a hin- 
drance to the man whose pipe diameters are expressed always in 
inches, and who may wish to express his velocity as feet per second, 
or his throughput as cubic feet per hour. For this reason various 
tables are given below which will make it possible to deal with 
most cases of pipe flow without the inconvenience of having to 
convert any of the factors appearing in the expressions. 

For the same reason conversion formule are given for converting 
the expression :— 


mean linear velocity <x pipe diameter x density 
absolute viscosity. 


when expressed in practical units into we expressed in self- 
consistent units, for reference on the graph. 


Friction at Bends, Elbows, etc. 


The calculation of the pressure drop in a pipe from the Stanton 
Curves gives that for straight pipes only, consequently any bends, 
elbows or incidental causes of increased friction must be allowed for. 

The allowances can only be approximate as the exact shape and 
smoothness of the joint and fitting make large differences as an 
examination of the widely differing values published will show. 

The loss of pressure is usually expressed as either a fraction or 
multiple of the velocity head, or as a length to be added to that of 
the straight pipe. 

In many ways the velocity head method is more satisfactory as 
Entrance and Exit losses, and that due to sudden change of section 
can be calculated directly in this way. 

In most cases a range of values are given in the table indicating 
the effective limits found with good and bad fittings of commercial 
quality. It is recommended that the lower value is used if the fitting 
is clean, smooth and of good form, and any burr removed from the 
joint, while the upper limit is taken for rough and badly-jointed 


fittings. 
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It should also be remembered that two fittings close together 
offer less additional resistance than the same pair well spaced. 


n 

: pv? | where n=no. of pipe 
where p = C | diams. to be added to 
| <8 length 


Type of fitting. 


Globe valve . 

Entrance—Bell mouth 
Square 

Exit into x. tank 


Loss due to sudden Enlargement of Section. _ 
=(l—m 
P = ( 


where v is velocity in small pipe. 
sectional area of small | pipe. 


sectional area of large pipe. 
The total drop in pressure in the line may then be obtained by the 
following simple addition to formula (a) :— 


Velocity Head Method. Additional Length Method. 


and m = 


Calculation of 


This function must be evaluated in order to obtain the value of 
(R/pv*) from the graph for substitution in the equations. 


If p or L is the unknown factor the value of 7 can be calculated 
directly, while if » is unknown, the equations can be solved for 
(R/pv*) and the value of we obtained from the graph, 7 can then 


be calculated by inserting the numerical values of v, D, and p. 

If, however, D, Q or v is unknown, it is necessary first to assign 
an approximate value to the unknown quantity, insert this in = 
and so obtain (R/pv*). The equation can then be solved to aie 
value for D, Q or v. This value is used to recalculate wD 


a nearer approximation to the true value of (R/pv*) is obtained. 
Using this value, the equation is solved a second time for D, Q or v. 
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If the first approximation to the unknown has been close, this last 
value of D, Q or v will probably be accurate enough. If the approxi- 
mation was very badly out, it may be necessary tosolve the equation 
a third time, using the last obtained value of D, Q or v in finding” 
(R/pv?). An example of this type of calculation is given in 
Appendix II. 

The next step is to decide in what units the factors p and 7 will 
be expressed. They may be known separately, or the Kinematic 
viscosity »/p =v may be known. The last case arises very fre- 
quently in practice: for instance, the charts of liquid and gas 
viscosities give Kinematic viscosities in C.G.8. units =} 

It is possible to calculate value of we or = in two ways: 
(1) by working throughout in self-consistent units, when the follow- 
ing are the units in which v, D, p and 7 or » will appear in the two 
usual systems. 


C.G.8. System. f.p.s. system. 
v centimetres/second feet/second. 
d centimetres feet. 
p grams/cu. cm. Ibs./eu. ft. 
 Poises f.p.s. units.* 
v f.p.s. units. 


Grams./cu. cm. 
The following conversion factors may be found useful :— 


feet/second x 305 = centimetres/sec. 

inches x 254 = centimetres. 

grams/cu. cm. | 

S.G. rel. water | * 62-43 = Ibs./ou. ft. 

Poises x 0672 = f.p.s. units. 

Centiposes x 000672 = f.p.s. units. 
— x 001076 = f.p.s. units. 


Grams/cu. cm. 
The viscosity of fluids are always expressed practically in poises, 
centipoises (Foes ) or Redwoed seconds, Saybolt seconds or Engler 
degrees. 
The last three may be converted into C.G.S. units of Kinematic 
Poises 


grs /c.c 
liquid viscosity chart in Appendix I., or by the usual factors. 


Viscosity ( ) by means of the conversion lines given on the 


* There is no name for the f.p.s. unit of viscosity. 
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(2) By working out the values of the expressions— 
Veloc. x Diam. x Density _ Veloc. x Diam. 
Abs. Viscosity oF ‘Kin. Viscosity 

in the units available, and multiplying by a conversion factor to 


give the value of > or = in self-consistent units for use on 


the chart. 
The following conversion factors may be found useful :— 


ft./sec. x ins. x 8.G. rel. water x TT vDp 


Poises 
ft/sec x ins. vD 
Poises/grams/cu. cm. v 
ft/sec. x ins. x 8.G. rel. water x 71740 = vDp 
Centipoises 
ft/sec. x ins. x 7740 = vD 


Centipoises/grams/cu. cm. v 
For use with the formule for Q the same method may be adopted 
by working out the values of one of the expressions— 
Throughput x Density Throughput 
Diam. x Abs. Viscosity “" Diam. x Kin. Vise. 
and the use of the following conversion factors :— 


For self-consistent units x = 
Cu. ft/hr. x S.G. rel. air __ vDp 
inches x Poises 
Cu. ft/hr. x 8.G. rel. air — vDp 
inches x centipoises 
Cu. ft./hr. _ 
inches x Poises/grs./cu. cm. 
Cu. ft./hr. _ wD 
inches x Centipoises/grs/cu. cm. 


Formule in their Practical Form. 


The formule and tables have been arranged on the following 
principle. At the head of the table is placed the formula and the 
conditions of flow for which it applies. The value for the constant 
in the formula is given in the table when the various factors are 
expressed in the units commonly met with. 

The symbols have the following significance :— 
p = pressure drop. 
P, =Absolute pressure at pipe entrance (gas flow). 


P, 
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= Absolute pressure at pipe exit (gas flow). 


vy = Mean linear velocity of liquid. 
= »» gas at entrance conditions. 
or to p = Specific gravity of liquid. a 
a= gas at entrance conditions. 
On = ” ” ” standard ” 
L = Length of pipe. 
D = Diameter of pipe. 
Q = Volume of liquid flowing in unit time. 
Qs = » gas reduced to standard 
temperature and pressure Ts and Ps. 
Ts = Standard temperature absolute. 
Ps = Absolute standard pressure. 
= temperature of flowing gas. 
G = ratio of densities of gas and air. 
g = acceleration due to gravity (= 32-2 in f.p.s. units). 
TABLE I. 
pted For liquids and gases with small pressure drop. 
L 
p=K . (Ripvs)- 5 
For gas with large pressure drop. L/D < 200 
For gases with large pressure drop. b> 200. 
P.2— 2 
For self-consistent units K = 8. 
K 
Pressure. Length. Diam. Velocity. 
& P, L D v&v, p=S.G. rel. p=S.G rel.. 
water. air. 
Lts./sq. in. feet inches _ft./sec. 41-6 0-0538 
” ” ft./min. 0-01155 1-50 x 
ung ft./min. 61-0 0-0790 
the Ft.ofwater feet ft. /sec. 96-0 0-1240 
ant ft./min. 0-0267 3-44 
miles ft. /sec. 507X105 655 
” ” ft./min. 141-0 0-1825 
Ins. of water feet w ft./sec. 1150 1-49 
ft./min. 0-320 4-14x 10-* 
miles ft. /sec. 6-07 x 10*| 7880 


ft./min. 1690 2-18 


257 a 
2 
| 
fs 
: 
” ” ” 


258 BEALE AND DOCKSEY: FLOW OF FLUIDS. 


TABLE I. 
For liquids and gases with small pressure drop 


2 
h = K (Ripe) 


For self-consistent units K = 8. 


Length Diam. Velocity K 
L v 


ft./sec. 

miles ft./sec. 5°07 x 105 
ft./min. 


For liquids, and gases with smal! pressure drop 
D'p 
(R/pv*)pL 


For gases with large pressure drop. 5< 200. 


2D4P? — 
P 


For gases with large pressure drop. 4 > 200. 


— Py) 


For self-consistent units k = Ve 


Throughput Length 


Q and Qs L D | P,, P, density grs./c.c. 


cu. ft./sec. feet inches, Ib./sq. in. 6-78 x 10-8 
miles | ” 9-34 « 
cu. ft./min. feet 0-407 


miles 5-60 x 10-3 
cu. ft./hr. : 


cu. ft. /day 


” 


For 


For gi 


Head 
h 
cu. ft. 
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TABLE IV. 
For gases with large pressure drop. : < 200. 


Qs = Ce, P, GT 
ip Rep, 
For gases with large pressure drop. ;> 200. 
/ — P;*) 
Qs = Cp, (Rjpv?) GIL (lla) 
Pressure | Cc 
Throughput | Lgth. | Diam. Spec. Grav. rs 
D |P,, P,& G =, 
4 Ps T & Ty in °F | T&T, in °C. 
| abs. } abs. 


feet inches Ibs./sq.inS.G. rel.air} 0-0231 0-0310 


cu. ft./sec. 
miles 3-18x10°*) 4-26x10-* 


cu. ft./min. feet a 1-385 | 1-860 

miles __,, 001905 0-0256 
cu. ft./hr. feet 83-2 ‘1115 

“ miles ,, 1-145 1°535 
cu. ft./day feet 1995 2680 

” miles . ” 27-4 36-80 


Appenpix I. 


Viscosiry TEMPERATURE CHARTS. 


In the accompanying chart, log. kinematic viscosity in C.G.S. 
units (poises/gr/c.c.) is plotted against log. ° F. This enables a 
wide range of viscosities to be plotted on one chart, while the lines 
are reasonably straight over a large temperature range, and so 
may be more easily extrapolated. 

Neglecting the broken lines to the right of the chart, the 
use of which will be explained shortly, the following curves may 
be distinguished* :— 

(1) The solid lines, which represent petroleum products ranging 

from motor spirit to heavy lubricating oils and fuels. 

(2) Dotted lines representing ethyl alcohol, water and mercury. 

The density gr/c.c. at 15° C. (60° F.) is given for each liquid. 
In order to obtain the absolute viscosity the kinematic viscosity 
obtained from the graph must be multiplied by the density. The 


* Pure hydrocarbons, Alcohols, Water, Mercury, from Landolt Bornstein, 
Mid-Continent Petroleum Products from Fortsch Wilson, I.E.C., Aug., 1924. 
Persian Petroleum Products and supplementary curves, from A.P. Research 


Department. 
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latter, of course, must be corrected to the temperature at which 
the viscosity is required. 

The lines represent products obtained from mixed base crudes 
such as Mid-Continent or Persian. The viscosity-temperature 
lines for products from different crudes may be found to vary 
slightly in slope, but the chart will be found to be reasonably 
accurate for most mineral oils. 

The broken lines are for converting Redwood and Saybolt seconds, 
Engler degrees and Barbey fluidity to C.G.S. units. They may 
also be used for converting from one of these systems to another. 
The scale for use with the lines is on the right hand axis, the C.G8, 
scale being on the left hand axis. In order to convert from one 
system to another it is necessary to transfer vertically from one 
line to another, and to read off on the right hand scale for all the 
lines except the kinematic viscosity. 

The following examples illustrate the use of the conversion 
lines :— 

(1) To convert 100 secs. Redwood to C.G.S. units. 

From the intersection of the 100 secs. line and the Redwood 
line transfer vertically to the kinematic viscosity line and read 
off on the left hand scale. 100 secs. Redwood=0-25 C.GS. 
units. 

(2) To convert 5 Engler degrees to Barbey fluidity. 

From the intersection of the 5 line (right hand scale) and 
the line marked Engler degrees transfer vertically to the Barbey 
fluidity line and read off on right hand scale., 5 Engler degrees 
=151 Barbey fluidity. 

43) To convert a kinematic viscosity of 0-5 C.G.S. units to Saybolt 
secs. 

From the intersection of the line for 0-5 C.G.S. units (left 
hand scale) and the kinematic viscosity line transfer vertically 
to the Saybolt line and read off on the right hand scale. Kine- 
matic viscosity of 0-5 C.G.S. units=230 Saybolt secs. 

If the viscosity of a liquid is known at one temperature only, 
a very fair approximation may be made to the direction of the 
viscosity—temperature line, by plotting the point on the graph 
and then drawing through this point the curve which best fits 
the direction of the lines already drawn. 

Viscosity Chart for Gases.—The chart gives the kinematic vis- 
cosities of various gases over a temperature range 0— 500° C. 

The values given are for normal pressure (14-7 lb. per sq. in.). 
To obtain the kinematic viscosity at any pressure P lb. per sq. in. 
absolute the value scaled from the chart must be converted by 

14-7 
°Y P Ib. /aq. in. 
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BEALE AND DOCKSEY: FLOW OF FLUIDS. 


Fie. III. 


Appenpix II. 


Example.—It is desired to pump a liquid sp. gr. 0-750 and 
viscosity 2 centipoises through 100 yards of pipe at the rate of 
5000 gals. per hour. The pipe is to be of commercial steel fitted 
with joints. 

To carry out the calculation in the way described : 

(1) Assume a reasonable diameter, say, 3 in. 


Calculate using the conversion formula given on page 257 


5000 
6-94 cub. ft. /hr. x 0-75 


in. x2 centipoises 


x 395 = 39,600 


261 
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oc 300 420 m0 °C 
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Using curve C for 2—6 in. steel pipe R /pv?=0-0032 approx, 
adding the 5 per cent. allowance for joints as recommended 


R/pv?=0-0034 
2) Using formul =k da 7 (6a) 
(2) Using formula Q = (R/pv")pL. 
5000 _ 24-4 x 20 
6-24 — 0-0034 x 0-75 x 300 


= using 2-1 in. as the value for diameter 


vDp _ 39,600 x 3 
n 2-1 
R/pv? = 0-00295 + 5% = 0-0031 


= 56,500 


(4) Substituting this value in formula (5a) 


5000 20 
6-24 -75 « 300 


5000 
G24 = 
D = 207 


In this case the first approximation of diameter=3 in. was close 


D, 
enough to render the recalculation of ~~” unnecessary. 
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Flow and Measurement of Gases in Pipes. ° 


By Lievut.-Cot. 8. J. M. Autp, O.B.E., M.C., D.Sc., 
(Member). 


For the benefit of those who are not well acquainted with the 
fundamental work which has made possible the calculation with 
ease and accuracy of the resistance to flow of fluids in pipes, a few 
words of comment are desirable on the various papers which appear 
in this Journal. 

In the written discussion on the writer’s paper “ Development 
Problems in the Exploitation of Natural Gas” readers have the 
benefit of first-hand explanation of the use of the Stanton Curve 
for Gas Flow Measurements by Mr. Stephen Lacey of the Gas 
Light and Coke Company. Mr. Lacey was one of the first 
engineers to insist on the use of the Reynolds’ Criterion as a 
means of determining gas flow, and his lucid explanation of the 
method of calculation shows how this can be done while using 
the usual gas engineer’s quantities without in any way modifying 
the application of the Stanton Curve. 

Mr. Adey, on the other hand, in his useful paper on the “ Flow 
and Measurement of Petroleum Products in Pipelines,’ follows 


American practice and uses = instead of = as abscisse to the 


curve. The former expression, which Walker, Lewis and McAdams 
term “the modulus,” is not identical with the latter, which is 
Reynolds’ Criterion. Reynolds’ Criterion has identical values in 
any consistent set of units, and the values for the lower critical 
velocity are of the order 2000 to 2500 with a probable true value 


about 2300. = has corresponding values which for the lower 


critical velocity Mr. Adey quotes as 0-12. Apart from any question 
of the correctness of this figure in its own units (it appears low to 
the writer) its use would appear to tend to the confusion of the 
average reader of, say, Mr. Lacey’s papers or Mr. Norman Swindin’s 
treatises, where the Stanton Curve is used in its classical form with 


Departure from this procedure by 


corresponding values for 


* Paper received April 23, 1928. 
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British engineers seems unnecessary and undesirable in view of the 
British origin of the whole work. 

A similar comment may be made on the insertion of the value 
of f (.e., ¢) in Weymouth’s expression rather than in Unwin’s as 
is done (correctly as the writer believes) by Mr. Lacey. The 
difference between the resultant formule is not vast, but js 
appreciable. 

It is difficult, also, to see the special value of the “ alignment 
chart ” for the evaluation of the friction factor which would justify 
its replacement of the actual Stanton Curve. The Curve is readily 
applied, particularly since its abscisse are plotted logarithmically, 
and allows the inclusion of any number of lines in the turbulent 
flow area to represent various degrees of roughness which may be 
encountered. 

These remarks are published separately instead of being taken 
up directly with Mr. Adey, because the subject is of general interest 
and more than ordinary importance. Mr. Adey is at present 
engaged in the experimental determinations previously mentioned 
by the writer (p. 194) and opportunity will be found for the results 
to be communicated to the Institution. Mr. Adey will then be ina 
position to discuss the points now raised. 

Since the preceding remarks were penned the writer has been 
able to arrange with Messrs. E. 8. L. Beale and P. Docksey to 
communicate to the Institution work on the subject prepared for 
another purpose, and their paper on the Flow of Fluids in Pipes 
consequently also appears in this number of the Journal. 

Messrs. Beale and Docksey’s explanation of the use of the Stanton 
Curve is eminently suited to the needs of the practical engineer, 
and their modification of the gas flow formula as derived from first 
principles merits attention. There is also a good deal to be said for 


their consistent use of the expression ws which does away with 


the many equivocal symbols for friction factor generally employed. 
The chief merit of the paper lies however in the fact that it enables 
everyone interested to find his way through the welter of symbok 
and formule pervading the literature on the subject and, in the 
various papers in the present Journal, to realise the connection, for 
example, between = and =. 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


ANNUAL REPORT OF THE COUNCIL FOR 1927. 


Tue Council have pleasure in presenting their Annual Report, 
together with the Accounts, for the year ended December 31st, 1927. 

The total net increase in membership during the year was 106, 
as against 92 for the preceding year. The following table shows 
the totals and changes in each class during the year :— 


CHANGES DURING 1927. 


The number of newly elected Members who had not taken up 
their membership at the end of the year was 12, making the total 
elected membership 1,006. In addition, 42 candidates for member- 
ship were awaiting election. 

The Accounts for the year ended December 3lst, 1927, are 
presented, and Council are glad to state that the Balance Sheet 
continues to show a satisfactory financial position 

A sum of £400 has again been allocated to the Research Fund, 
but no grants in this connection for Special Research work were 
made during the year under review. The position of the Research 
Fund is shown in the Accounts. 

The Scholarships awarded by the Institution had been provided 
for in the Accounts, and it has been decided to continue the awards 
for the year 1928. 

The revenue from Members’ Subscriptions shows a sati 
advance, but the Special Subscriptions have been reduced, as 
shown. 
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The Institution is represented on: The American Society for 
Testing Materials ; the Advisory Board of the Department of Oil 
Engineering and Refining of the University of Birmingham ; the 
British Association for the Advancement of Science ; the British 
Engineering Standards Association ; the Fuel Economy Committee ; 
the Imperial Mineral Resources Bureau and the Mechanical Warfare 
Board of the War Office. Official representatives were also appointed 
and attended the Second (Triennial) Empire Mining and Metal. 
lurgical Congress, held in Canada in August and September, 1927 ; 
the Seventh Congrés de Chimie Industrielle, held in Paris in October, 
1927 ; and the Marcelin Berthelot Centenary Celebrations, held in 
Paris in October, 1927. 

Eight General Meetings of the Institution were held during 1927, 
the following papers being read and discussed :— 

Ninety-eighth General Meeting, January llth: ‘“ THe Coy. 
DITIONS GOVERNING THE OCCURRENCE OF Or IN BuRMa,” 
by L. Dudley Stamp. 

Ninety-ninth General Meeting, February 8th: ‘THE Pro. 
DUCTION OF Or FROM Brruminous CoaL: AN Account oF 
THE WoRK OF THE FueL Resgarcu Sration,” by C. H. 
Lander 

One Hundredth General Meeting, March 8th : “ Two SHaLLow 
OmFIeELDs IN Texas: A Detamep Srupy,” by Arthur 
Wade. 

Fourteenth Annual General Meeting, March 22nd: Discussion 
of Papers repared for the Second Empire Mining and Metal- 
lurgical Congress 

One Hundred and First General Meeting, April 12th: “ Jet 
AND JETONISED MaTeRtaL,” by E. H. Cunningham Craig. 

One Hundred and Second General Meeting, May 10th: “ Tae 
Burninc OF Ors In Wick-FeD Lamps,” by 
J. Kewley and J. 8. Jackson. 

One Hundred and Third General Meeting, October 11th: 
“Corrosion By On,” by Horace J. Young. 

One Hundred and Fifth General Meeting, November 8th: 
OF CrackED by J. S. 
Brame and T. G. Hunter. 

One Hundred and Sixth General Meeting, December 13th: 
“MECHANICAL DesicN In RELATION TO Detonation,” by 
H. R. Ricardo. 

During the year six numbers of the Journal were published, and 
these contained the above-mentioned papers and discussions, 
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for together with a number of contributed articles on petroleum 
Oil technology. The papers read by members of the Institution before 
the the Petroleum Section of the Second Empire Mining and Metal- 
tish lurgical Congress, held in Montreal, Canada, were published in 
Lee ; Journal No. 64, October, 1927. 

fare The Students’ Section has continued its activities and both the 
ited London and Birmingham Branches report the holding of meetings 


and the reading of papers. 

The Scholarship of the Royal School of Mines was awarded to 
Mr. C. B. Roach and that at the Birmingham University to Mr. 
R. G. Ffoulkes-Jones. 


Mr. Alfred C. Adams has been unanimously re-elected President 
for the ensuing year, and the following have been unanimously 
elected or re-elected as Vice-Presidents :—Sir John Cargill, Mr. 
Alexander Duckham, Dr. A. E. Dunstan, Mr. Arthur W. Eastlake, 
Dr. W. R. Ormandy and Mr. Robert Redwood. 


A, 

The Library Committee report that the total number of books in 
~~ the Library is 1452 (including bound periodicals), the additions 
ee during the year amounting to 83. In addition nearly 200 papers, 

H pamphlets and catalogues were received, together with a number 
s of unbound periodicals, maps, etc. The total number of books in 
the Students’ Lending Library is now 226, an increase of 91 over 
med the previous year. The Library is much appreciated and made 
hur full use of. The Author Index of the Library is completed, the 
Country Index is nearing completion and work has been commenced 
sion on the Subject Index. 

tal- Two Branches of the Institution have been established, in 
Rumania and Persia, during the current year. The inauguration 
Jer of these by the Council has been fully justified and has been the 
ig. means of introducing new members to the Institution. Both have 
Pos held successful meetings which, from the reported attendances, 
b show that they are much appreciated by members in those countries. 
y Some of the papers read at these meetings, and the discussions, 
were published in the Journal. The formation of other branches 

th: is contemplated where circumstances warrant. 

The Standardization Committee has been active during the year 
th: —} and the work on the revised edition of the book of Standard Methods 

8. of Testing has reached an advanced stage. It was found impos- 
sible to publish the new book during 1927, but it will be issued 
th : during the coming year. 
by The Ninth Annual Dinner was held on December 6th, 1927, and 
about 200 members and guests were present. 
and The Council have approved the following alterations in the 
ns, By-laws :— 
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Section III., Para. 5 to be altered to read :—“. . . Every 
candidate for admission as a Student shall be not less than 
18 years of age or more than 25 years of age, and shall 


...+ 3; and the following sentence added: “ Provided, 
however, that the Council may in their discretion extend the 
limit beyond 25 years in special cases.” 

Section III., Para. 7. Add the following sentence :—“ Pro. 
vided that the Council may in their discretion appoint Honorary 
Members during the tenure of some particular official position.” 

Section IV., Para. 4, to be altered to read as follows :—“ Every 
Student shall, subject to any extension granted by Council, 
before reaching the age of 25 years, qualify himself to be 
an Associate Member and shall obtain transference into 
that class in accordance with the preceding Article. In the 
event of any Student not so qualifying himself, and not 
obtaining transference into the class of Associate Member, 
he shall either (a) apply for transference into the class of 
Associate or (B) be removed from the roll of Members of the 
Institution. The Council may, however, in their discretion 
permit a Student to remain a Student for such period beyond 
the time when he has reached the age of 25 years as they 
may think fit.” 


The Council have great regret in announcing the decease of 
eleven members, namely—Paul Arbon, J. R. Bourchier, F. T. 
Carlton, C. T. Child, Viscount Cowdray of Cowdray, G. A. Demar- 
teau, F. Lamplough, R. Marshall, H. E. Nicholls, H. W. Sillem and 
Sir John B. Wimble. 

It is with pleasure that the Council record their appreciation of, 
and thanks to, the Royal Society of Arts for allowing the Institution 
the continued use of their House for its meetings, and to the 
Chemical Industry Club for permitting the Members of the Dinner 
Club to dine at their premises. 

The Council also desire to record their thanks and appreciation 
of the services rendered to the Institution by : Sir William Plender, 
Bart., G.B.E., Honorary Treasurer; Messrs. Ashurst, Morris, 
Crisp and Co., Honorary Solicitors; Messrs. Price, Waterhouse 
and Co., Auditors; Dr. A. E. Dunstan, Honorary Editor; Mr. 
George Sell, Assistant Editor and Secretary, Standardization 
Committee ; and to the Secretary, Commander R. E. Stokes-Rees, 
R.N., and his Staff. 

The Auditors retire and offer themselves for re-election. 

By Order of the Council, 
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Honorary Secretary. 
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REVENUE ACCOUNT for the year ended 31st December, 1927. 


Dr. £ s.d. 
» Rent, Raves, ETc. oe 44898] 6 

» PRINTING AND STATIONERY... -- 158 2 6 
” PosTAGE oe 161 11 1 

He or FOR AND EXPEnses OF 187 18 1 
” JOURNALS .. - 370 3 

, 2ND (TRIENNIAL) Mintxo ‘AND 

ConGREss (CONTRIBUTION AND PRINTING ne es 97 5 6 
, GRANTS TO BRANCHES .. - 800 
INcomME Tax On INTEREST AND DivipEwns WITHOUT 

SUNDRY EXPENSES as 319 13 10 
» Auprrors’ Fee .. aa 
STUDENTS’ Prize SCHOLARSHIP FuxD .. 8 00 
, ResEaRcH Fonp Account os . 40 0 0 
» DEPRECIATION OF OFFICE AND Lrprary FURNITURE AND 


Lrprary Booxrs se ee 
£3324 0 5 


s.d. £ sd. 


£ 


2455 19 0 
451 5 0 


» BALANCE AT Desrr—Canrntep To BALANCE Sueer.. 


STUDENTS’ SECTION FUND. 


1927. £ d. 
Dec. 31. To EXPENSES FOR THE YEAR .. me Sa poe 8 
» BALANCE CARRIED FORWARD 


1927. 
Jan. 1. By BALANCE BROUGHT FORWARD ee oe +» 6810 3 


STUDENTS’ PRIZE AND SCHOLARSHIP FUND. 


1927. £ s.d. $ad. 
Dec. 31. To SCHOLARSHIPS GRANTED— 
Royal School of Mines... 4000 
Birmingham University .. - 4 00 


»» BALANCE CARRIED FORWARD 
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By BALANCE BROUGHT FORWARD 
»» REVENUE ACCOUNT . 


RESEARCH FUND. 


To Income Tax .. on 
» BALANCE CARRIED FORWARD 


By. BALANCE BROUGHT FORWARD 
» REVENUE Accoust . oe os 400 


££ 02 


BALANCE SHEET as at 31st December, 1927. 
LIABILITIES. 
ed. £ sid. £ ad, 


To Caprrat oF THE INSTITUTION, under 
Bye-Law Section 6, para 14, 
viz. 
Life Membership Fund, as 
Account .. ‘ 413 0 0 
Entrance Fees— 
As per last Account s .. 1267 6 0 
Additions during year .. 20718 0 


——1475 4 0 
Profit on sale of Investment an 210 0 
Donations as per last Account .. 326 5 0 
2216 19 0 


, StupEents’ Priz—E anp SCHOLARSHIP 

Fonp . ‘ 15 0 0 
, RESEARCH Fuxp Accouwr 801 9 

, StupEnts’ Secrion Funp .. 40 5 6 


» SUBSCRIPTIONS (MEMBERS) PAID Ix 
ADVANCE 216 
»» SUBSCRIPTIONS (Jovnxat) PAID IN 
ADVANCE “a 200 15 4 
» SunprRy CREDITORS .. we at 392 0 5 
» REVENUE AccounT— 
Balance at 3lst December, 1926 .. 1962 12 10 
Less: Arrears of 1926 Subscriptions 
written off . - #210 
Journal Bad ‘Debt ‘written ‘off we 26 6 


45 7 6 


1917 5 4 


Less: Debit ~~ 
Revenue Account ee 248 10 8 


1668 14 8 


#5551 12 3 
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1927. £ s.d. 
Dec. 31. -- 80 0 0 By 
£95 0 6 ( 
1927. £ 
-- 801 9 4 
£802 0 4 
1927. £ sd, 
Jan. 1. 15 3 
Dec. 31. 5 2 
1927 00 
0 4 
” 
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ASSETS. 


8. d, 
0 0 
00 By InvESTMENTS at CostT— 
0 0 (1) = 
6 6 3% 
a8 48110 6 
ll 6 £925 0 0 5% War Lean, 1929/47 -- 86218 4 
9 4 £150 0 O Birmingham Stock, 
6% -» 14616 0 
04 £515 1 9 34% ‘Conversion Stock . 400 0 0 
£100 0 0 Wigan Corporation Stock 5% . -- 991411 
8. d, £160 0 0 New South Wales 5% 1945/65.. 158 7 0 
————-2149 6 9 
0 0 (Nore.—Market price of above Investments at 
ae 31st December, 1927, was £2,176 13s. 6d.) 
0 4 (2) On Account of Revenue— 
£500 0 0 5% War Loan, 1929/47 ne 501 19 6 
(Market value, £506 5s. 0d.) 
(3) On Account of Research Fund Investment 
8. d. Account— 
£500 0 0 5% War Loan, 1929/47 -- 510 8 3 
(Market value, £506 5s. 0d.) 
Cash on deposit with Bank .. oe « 2 4 
————— 789 10 4 
Orrice AND Lrprary FURNITURE (excluding pre- 
sentations)— 
As per last Account ea +s oe -. 463 4 9 
Additions during year... oe oe 27 3 6 
9 0 Less : desing 
Depreciation .. 
D 0 
9 4 
5 
Lrprary (Booxs) (excluding 
8 0 As per last Account : ea 6 
Additions during year .. oe - I 
4 
) 


176 8 


,, SUBSCRIPTIONS (1927) OUTSTANDING at date and 


considered collectible 87 13 6 

Sunpry DesTors AND ParMents IN ADVANCE. . 119 16 
» CasH on Deposit 1008 16 8 
CASH AT Bank AND In 258 7 2 
£5551 12 3 


H. BARRINGER, | 
F. W. BLACK, j Members of Council, 


wag 
= 
Pay 
— 
3 
x 


272 ANNUAL REPORT, 1927. 


We have examined the above Balance Sheet with the books of the Instity. 
tion, and having obtained all the information and explanations we have 
required, we are of the opinion that such Balance Sheet is properly drawn 
Up 80 as to exhibit a true and correct view of the state of the Institution's 
affairs, according to the best of our information and the explanations given 
to us and as shown by the books of the Institution. 

PRICE, WATERHOUSE & CO, 
3, Pace, 
Jewry, Lonpon, E.C.2. 
30th January, 1928. 


THI 

THE 

of tl 

Arts 

1928 

TI 

notic 

Ann 

read 

Th 

and 

Meet 

Me 

Kenn 

Durh 

Hurt 

Tre 

As: 

Guth: 

Robe 

Tre 
Aliste 

Stu 

Hasti 

Ass 

Th 

adopt 

desire 

progre 
were 

It wo 

nearly 

Repor 
less tk 

Althor 

deceas 

In ad 


riven 


THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


{Tae FirreentH ANNUAL GENERAL MEETING of the members 
of the Institution was held at the House of the Royal Society of 
Arts, John Street, Adelphi, London, W.C.2, on Thursday, March 22, 
1928. Mr. Alfred C. Apams, the President, took the chair. 

The Secretary (Commander R. E. Stokes-Rees, R.N.) read the 
notice convening the meeting, and the minutes of the Fourteenth 
Annual General Meeting held on Tuesday, March 22, 1927, were 
read and confirmed. 

The list of members elected during 1927 was laid on the table 
and the following list of members elected since the last General 
Meeting was read by the Secretary :— 

Members.—Alan Wilby Attwooll, Frederick Charles Baker» 
Kenneth Burton, Dennis Comins, William Gidley Emmett, Corneliu® 
Durham Garbutt, Frederick Ebenezer Hunter, Ronald Franci® 
Hurt, George Manoil. 

Transference to Member—Laurence Dudley Stamp. 

Associate Members.—Walter Johnstone Galloway, John Oliver 
Guthrie, Francis Max Marshall, Lisle Angelo Pym, John Hamilton 
Robertson, Sidney George Wraight. 

Transference to Associate Members.—Henry Charles Carter, 
Alister M. Nicholas. 


Students.—Alfred George Gardegue de Chastetain, Harold Wilfrid 
Hasting, David Glynn Jones, Donald Kenneth Peters. 


Associate—John Crawford Ross. 


The President said he had much pleasure in moving the 
adoption of the Annual Report of the Council for 1927. He 
desired to call the attention of the members to the very satisfactory 
progress the Institution generally continued to make. There 
were a few points to which particular attention might be directed. 
It would be seen that the membership showed an advance of 
nearly 12 per cent. over the membership at the end of 1926. The 
Report gave full details of the membership, indicating that no 
less than 158 new members had been elected during the past year. 
Although a number of members had been lost by resignation and 
decease there was a net increase on the year of 106 new members. 
In addition, 54 candidates were at the close of the year on the 
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threshold awaiting admission. He thought it could only be 
regarded as gratifying that the membership of the Institution 
had now passed the 1,000 mark and that it was still making good 
headway in an increasingly progressive fashion. In order to 
emphasise that he was not giving an exaggerated opinion, he desired 
to call attention to the fact that at the present date the Institution 
comprised a number of additional members beyond the total 
shown in the Annual Report. Although members were not 
regarded as being effective members until they had taken up their 
membership by paying their subscription, he believed the number 
of members had now grown to about 1075. It would, therefore, 
be seen that the Institution was by no means standing still. No 
grants were made from the Research Fund chargeable to the year 
1927. The Council desired it to be more widely appreciated that 
a fund of that description existed for the purpose of affording 
grants in aid for special research work in connection with petroleum 
products ; and no doubt as time went on more numerous appli- 
cations would be forthcoming. The next date fixed for consider. 
ation of applications was June 1, 1928. A grant had already 
been made during the current year, but too late for the item to 
come into the 1927 accounts. The branches of the Institution 
established in Rumania and Persia were progressing in a most 
satisfactory manner. According to the latest reports, the Rumanian 
branch already numbered 75 members, and the Persian branch 
was forging ahead in a very gratifying way. It would be noticed 
from the Report that the formation of other branches was under 
consideration, and he hoped the present year would witness the 
appearance of additional off-shoots from the parent tree. The 
Standardization Committee was on the point of completing for 
issue the revised edition of the standard book of methods of testing, 
and it would not be long before it was ready for issue. He desired 
in conclusion to say a few words in regard to the Journal. During 
1927 the Institution issued six Journals, which were bulky volumes 
full of informative data and valuable for reference to all workers 
in petroleum problems. The thanks of the Institution were due 
to Dr. A. E. Dunstan, the Hon. Editor, for the very successful 
way in which he had conducted the Journal, and also to Mr. G. 
Sell, the Assistant Editor, who was also Secretary of the Standard- 
ization Committee, for his very able co-operation. He thought 
the members had every reason to be proud of the Journal as a 
publication of outstanding merit. The Accounts would be sub- 
mitted for approval separately, and certain alterations of By-law 
which he proposed to take by themselves a little later on had to be 
considered. He, therefore, would content himself at the moment 
with moving the adoption of the Annual Report, except the 
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paragraphs relating to the alterations in the By-laws, which would 
be dealt with separately. 

Dr. W. R. Ormandy, in seconding the motion, said it was 
hardly necessary for him to add any words in praise of the Report 
as the document spoke for itself. With regard to the attendance 
at the meetings of the London Branch of the Students’ Section, 
it might be the case that the number of Students was comparatively 
small in the London area, but it was most desirable that the 
attendance at the meetings should improve. It must be remembered 
that the petroleum technologists of the future would have to be, 
if anything, more technical and more highly educated than those 
who went before them, and it was therefore desirable that the 
Students’ Section should be supported in every way. He hoped 
that in the next Report the one little dark cloud would be entirely 
removed. 

As no member desired to ask any question, the motion for the 
adoption of the Report was then put to the meeting and carried 
unanimously, 


ALTERATION TO By-Laws. 


The Secretary read Section III., Paragraph 5, Section III., 
Paragraph 7 and Section IV., Paragraph 4 of the old By-laws and 
the alterations in them proposed by the Council. 

The President moved: “ That Section III., Para. 5 be altered 
to read :—‘ Every candidate for admission as a Student shall be 
not less than 18 years of age or more than 25 years of age, and 
shall . . .’ and the following sentence added : ‘ Provided, however, 
that the Council may in their discretion extend the limit beyond 
25 years in special cases.’ ” 

In doing so, he reminded the members that in 1922 the late limit 
of age for the admission of students was altered from 25 years to 
23 years, and the effect of the altered By-law he now proposed 
would be to reinstate the age of 25 as it was formerly. That 
had been found necessary to meet cases which occurred not in- 
frequently in which men started in the industry at a later age than 
used to be the case; and the altered By-law also provided for 
giving discretion to the Council in special cases which came before 
them. 

Mr. W. E. Gooday formally seconded the motion; and, no 
member desiring to make any comment, the motion was then 
put and carried unanimously. 

The President stated that the alteration of Section III., 
Paragraph 7 as stated in the Annual Report was a little faulty, 
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and he proposed to ask the members by consent to agree to vary 
the actual wording in the Report. The proposed new wording 
would make no difference because the obvious intention of the 
alteration was to give the Council some discretion in the matter 
of the appointment of Honorary Members. As the rule at present 
read the Council had power only to nominate Honorary Life 
Members, but it frequently occurred that they would like to extend 
the compliment of Honorary Membership to individuals not 
necessarily for life. For instance, there were certain gentlemen 
holding official positions in the Government who did not hold 
them necessarily for life, and what the Council wished to do was 
to have power to appoint persons as Honorary Members during 
the period of their tenure of some important official position which, 
in the opinion of the Council, was deserving of the honour of 
Honorary Membership. He therefore begged to move the following 
amended alteration of Section III., Paragraph 7: “‘ Add the 
following sentence :—-‘ Provided that the Council may in their 
discretion appoint as an Honorary Member a person for the period 
of his tenure of some particular position.’ ” 


Mr. W. E. Gooday formally seconded the motion; and no 
member desiring to make any comment, the resolution was put 
and carried unanimously. 


The President moved: “ That Section IV., Paragraph 4, be 
altered to read as follows :—‘ Every student shall, subject to 
any extension granted by Council, before reaching the age of 25 
years, qualify himself to be an Associate Member and shall obtain 
transference into that class in accordance with the preceding 
Article. In the event of any Student not so qualifying himself, 
and not obtaining transference into the class of Associate Member, 
he shall either (A) apply for transference into the class of Associate 
or (B) be removed from the roll of Members of the Institution. 
The Council may, however, in their discretion, permit a Student 
to remain a Student for such period beyond the time when he 
has reached the age of 25 years as they may think fit.’ ” 

The alteration, he said, arose out of the alteration already sanc- 
tioned in Section III., Paragraph 5. Section IV., Paragraph 4, 
must naturally undergo some alteration because in the former 
clause a student had been allowed to remain up to the age of 25 
years. The former Rule read that in the event of a student not 
obtaining transference into the class of Associate Member he 
should be removed from the roll of the Institution; and under 
the altered By-law as suggested by the Council the option was 
given that he should either (A) apply for transference into the 
class of Associate or (B) be removed from the roll of members of 
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the Institution. The Rule further gave the Council discretion to 
permit a student to remain a student for such period beyond the 
time when he had reached the age of 25 years as they might think 
fit. The Rule gave the Council a little more discretion, enabling 
them to deal with special cases which sometimes arose. It was 
impossible to frame Rules in such a rigid way that they would 
cover all cases that came before the Council. All Rules affected 
people in slightly different ways according to their circumstances, 
and the Council would like to have the discretion for which they 
now asked. 

Mr. W. E. Gocday formally seconded the motion, and as no 
member desired to make any comments, the resolution was put 
and carried unanimously. 


BaLaNnce SHEET AND AccouNTs FOR 1927. 


The President said the members now had to deal with what 
was probably the most important subject to come before the meeting, 
namely, the Balance Sheet and Accounts for 1927. He did not 
propose to make any detailed remarks on the subject because he 
thought the Accounts were very clear and they were presented in 
a form which was quite familiar to all the members, since they 
followed the same course which had been pursued for many years. 
He therefore proposed to leave the explanation of the Accounts to 
Sir Frederick W. Black, the Chairman of the Finance Committee, 
and would personally content himself with formally moving the 
adoption of the Balance Sheet and Accounts for the year 1927. 


Sir Frederick W. Black, K.C.B. (Chairman of the Finance 
Committee), in seconding the motion for the adoption of the 
Balance Sheet and Accounts, said he would have been very well 
content, as he knew the members would have been, if the President, 
in defiance of any etiquette that might exist in regard to the matter, 
had given the usual explanation of the finances of the Institution, 
because he was sure all the members remembered with pleasure 
the masterly expositions Mr. Adams had given of the Accounts in 
previous years. It would be seen that there was an excess of 
payments over revenue of £248 10s. 8d., but the members need 
not be concerned at that. That amount was carried down into 
the Balance Sheet, and the balance was a very good one, namely, 
£1,668 14s. 8d. The President had already reminded the meeting 
that the past year had been a very successful one from the point 
of view of the addition of new members, which had meant an 
increase in the revenue of about £300. On the other hand, in view 
of the fact that the Institution was in a more flourishing condition 
the special contributions from the big companies had been reduced. 
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Compared with the previous year the revenue was £135 down 
on subscriptions as a whole. A few special expenses had had to 
be met in 1927 which only recurred every three or four years, for 
instance, the item of £97 5s. 6d. connected with the Second Triennial 
Empire Mining and Metallurgical Congress. Similarly under the 
heading Sundry Expenses was included a sum of about £80 for the 
redecoration of the Institution’s premises which, according to the 
lease, had to be carried out every four years. The total of the 
investments on Capital Account up to the end of 1927 was £2,216, 
and about £100 had been invested since. The Research Fund was 
in rather a flourishing condition. In 1927 they added £400 to the 
Fund ; but the expenditure so far had been very small. It was a 
matter which the Council would consider whether they would 
restrict future additions till greater calls were made upon the 
fund. The balances in the different funds were satisfactory. 
The President had said all that it was necessary to say with regard 
to the excellent quality of their Journal. A few details in regard 
to its cost might be interesting. In 1926 six Journals consisting 
of 885 pages were issued of which 7,800 copies were printed. In 
1927 these six Journals totalling 1,229 pages, of which 8,600 copies 
were printed. In 1926 the net cost of the Journal was £334 12s. 8d. ; 
and in 1927 £373 5s. The scholarships had been continued as in 
past years. A word or two should be said as to “ grants to Branches, 
£52.” Branches had been founded in Rumania and Persia, and 
others were in contemplation. The pioneer branch in Rumania 
had been remunerative to the Institution in a double sense, firstly, 
in spreading the influence of the Institution, and secondly, financially 
by way of subscriptions of new members. He was sure the members 
would agree with what was said in the Report which had already 
been adopted, that the financial situation of the Institution was 
a very satisfactory one. 


The President said he was sure the members were much indebted 
to Sir Frederick Black for his clear exposition of the Balance Sheet 
and Accounts. If no member desired to ask any questions he 
would put the motion for their adoption. 

The resolution was then put and carried unanimously. 


AnnvaL Reports or StupEnts’ SEcTIONS. 


The Secretary read the following Annual Reports of the London 
Branch and the Birmingham Branch :— 


Lonpon Brancu.—During the year 1927 the Student Members 
totalled 115. There were 34 new Members, 20 Student Members 
were transferred, 12 removed and 5 resigned. 
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The following were elected to serve on the Committee at the 
last annual general meeting in February, 1927: Messrs. J. D. 
Bing, P. Driver, E. L. Moore, R. L. 8. Panisset, C. B. Roach, W. 
B. Rowntree and H. C. H. Thomas. 

Mr. Thomas was elected Chairman, while Mr. C. F. C. Moore 
continued as Honorary Secretary, until his resignation in October, 
when Mr. Panisset filled the vacancy 

Seven papers were read before the section :— 


January, 1927. Address on “ Drilling Systems,” by Mr. Ashley 
Carter. 

February, 1927. “ Historical Records Relating to Oil,” by Mr. A. 
B. Cook and Miss Clare Despard. 


March, 1927. “ The Scottish Shale-oil Industry,” by Mr. H. S. 
Garlick. 


May, 1927. ‘* Modern Deep Well Drilling Methods,” by Mr. C. 
F. C. Moore. 


October, 1927. “‘ The Economics of the Petroleum Industry,” by 
Sir Frederick W. Black, K.C.B. 


November, 1927. ‘‘ Modern Plant on an Oilfield,” by Mr. B. Ellis. 


December, 1927. ‘“ Oil Refining Problems,” by Mr. J. McConnell 
Sanders. 


An excursion was arranged in May to the Fuel Research Station, 
Greenwich, and in December to the Vacuum Oil Co’s works at 
Wandsworth. Both excursions were very well attended. The 
attendance at the meetings, however, has been disappointingly 
small. A letter was sent to the Council in October concerning this 
matter, in an endeavour to devise some means of improving the 
state of affairs. The Committee has also discussed the question 
with Sir Frederick Black. 

The Council of the Institution has decided that the age limit for 
the admission of students be increased to 25 years. An alteration 
of the by-laws to this effect will be brought forward at the annual 
general meeting of the Institution for confirmation by the members. 

The Council have awarded the scholarship at the Royal School 
of Mines to Mr. C. B. Roach. 

No student paper was entered for the prize and medal offered 
by the Institution. This shows a lamentable lack of interest in 
the section, and it is hoped that more papers will be read by Students 
in the present year. 

The Committee wishes to thank the senior members of the 
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Institution who have attended the meetings, and aided the section 
with papers, and in the discussions. 
(Signed) L. 8S. Panisset, 
Honorary Secretary. 
(Countersigned) Atrrep C. Apams, 
President. 


BIRMINGHAM Brancu.—The Committee has much pleasure in 
presenting the Fifth Annual Report for the year ending 
December 31, 1927. 

The average number of members of the branch was 20 and the 
average attendance at meetings 18, exclusive of visiting members, 
which is very satisfactory. 

During the year four meetings were held, at which the following 
papers were read :— 


January 25. ‘ Petrol as a Motor Fuel,” by Dr. F. B. Thole. 

Oetober 25. ‘ Production Methods in the Boryslaw and Moreni 
Fields,” by Mr. C. A. H. Williams 

November 17. ‘“Cannels and Torbanites,’ by Mr. E. H. 
Cunningham Craig. 

December 6. ‘Some Notes on the Rumanian Oilfields,” by 
Mr. G. Dickenson. 


Visits and Excursions.—During the summer an eight-weeks tour 
of the Polish and Rumanian oilfields was undertaken in connection 
with the oil-engineering course of the University. 

On December 2nd a visit was paid to the Coombs Wood Works of 
Messrs. Stewarts & Lloyds, Ltd., where the manufacture of all 
types of tubes and casing was seen. 

At the annual general meeting, which was held on February 22, 
1927, the following officers were elected for 1927-1928 : Chairman, 
Mr. R. G. Ffoulkes-Jones; Committee, Messrs. G. Dickenson, 
C. A. H. Williams and T. B. C. Harris; Honorary Secretary, 
Mr. L. P. Timmins. 

The Institution scholarship for the year has been awarded to 
Mr. R. G. Ffoulkes-Jones. 

The following officers have been elected for 1928-1929: 
Chairman, Mr. Donald A. Howes; Vice-Chairman, Mr. K. E. 
Humphrey ; Committee, Messrs. A. 8S. Bridgwater, T. B. C. Harris, 
W. R. Wiggins and G. W. Ford; Honorary Secretary, Mr. L. P. 
Timmins. 

(Signed) Launcetor P. Timmins, 
Honorary 
(Countersigned) ALtrrep C. Apams, 
President. 
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RE-ELECTION OF AUDITORS. 


On the motion of Mr. G. Sell, seconded by Mr. P. N. Rogers, 
Messrs. Price, Waterhouse & Co. were unanimously re-elected as 
Auditors of the Institution for the ensuing year. 


ELEcTION OF COUNCIL. 


The Secretary announced that the following six members were 
nominated to fill four vacancies on the Council :— 


Mr. Nicholas Alexander Anfilogoff (new nomination). 

Mr. Christopher Dalley (new nomination). 

Mr. James Kewley (retiring and standing for re-election). 
Mr. Ernest Lawson Lomax (retiring and standing for re-election). 
Prof. Alfred William Nash (retiring and standing for re-election). 
Mr. James McConnell Sanders (new nomination). 


The result of the ballot was that Messrs. Dalley, Kewley, Lomax 
and Sanders had been elected members of Council, i.e., two of the 
retiring members and two of the new nominations. 

The President said that, before concluding the formal business 
of the annual general meeting, he desired to express his very high 
appreciation of the honour conferred upon him by the Council in 
electing him to the office of President for a second year. He 
valued the honour so much that he had almost forgotten, what 
so many of the previous Presidents had found out, that it made 
rather a large demand upon one’s time. Still, it was an honour 
which he valued very highly, and he wished to express his great 
appreciation of the distinction conferred upon him. 

This concluded the formal business of the annual general 
meeting. 

The President then delivered the following presidential 
address :— 


PRESIDENTIAL ADDRESS. 
By Mr. Atrrep C. ADAMs. 


I now come to the task of presenting to you a Presidential 
Address. 

For some years past it has been customary for the President 
to address the members when first entering upon his duties in the 
chair, but this custom was varied last year in order to give place 
to the consideration of the important batch of papers which were 
later presented to, and read at, the Second Empire Mining and 
Metallurgical Congress held in Canada during the autumn of 
last year. This I consider was a very proper course to pursue, 
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since the consideration of important business should not be 
allowed to give way to what may be termed a matter of personal 
sentiment, however strongly the claims of custom may be urged. 

It, however, devolves upon me at the commencement of a 
second year of office to address you on a subject as suitable as 
I can find. 

In this Institution the subjects brought forward generally fall 
into three distinct and representative groups. Many of these 
subjects are so closely connected with commercial business as 
to make their survey on an occasion such as this a matter of some 
difficulty. I shall therefore tread on neutral ground and attempt 
contribution of a practical kind directed towards the general 
needs of the petroleum industry in relation to the storage of 
petroleum products and their distribution to the consumer. 

My daily interests in life being taken up more particularly 
with the commercial side of oil—though not in the sphere of 
production and marketing—I have thought that my time might 
be appropriately occupied in giving you some information which 
may usefully illustrate the problems that attend the creation 
of an ocean oil installation at the present stage of the development 
of the industry. 

I propose dealing with the new ocean installation which has 
been brought into operation in the port of La Havre, France. 

This installation is the work of the Compagnie Industrielle 
Maritime which, in 1920, applied to the French Government, 
and in 1922 obtained a concession permitting it to build deep 
water quays and to provide other facilities in the new Avant 
Port of Havre, which extends towards the extreme seaward limit 
of the extended old port. 

The Decree of Concession was granted to the company with 
the condition that the first section of work to be undertaken was 
to be the building of a modern petroleum installation together 
with a dock to accommodate up-to-date tank steamers. 

Before describing to you the actual petroleum installation, 
however, which, being the newest of its kind, is equipped with 
all the most modern and up-to-date improvements applicable 
to the demands of the industry, I must deal in some detail with 
the essential peculiarities of the case. These were mainly of a 
twofold nature, and perhaps I can best describe them as the 
bureaucratic and the topographic aspects of the Havre installation. 

The administration of ports in France appears formerly to 
have been tightly held in the hands of governmental control. 
It has long been recognised in the commercial world that such 
a system does not make for successful development, and conse- 
quently for progress, in the trades carried on thereunder, and 
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in recognition of this fact the French Parliament has established 
a new régime affording autonomy for ports which desire and ask 
for it. 

One of two ports applying for and obtaining this autonomy 
was the port of Le Havre, and this port is now administered by 
a council of directors chosen from among men who are directly 
interested in the development of the port and in the creation of 
such facilities as are necessary and required for the better operation 
of the trades carried on within its limits. 

One of the first acts of the new port board was to prepare an 
extensive programme for the extension of the scope of its facilities 
for trade purposes in view of the increased volume of international 
commerce expected to follow upon the termination of the War. 
This increased and increasing volume of trade required that urgent 
measures should be taken for the better utilisation of the area 
within the existing tidal basin of the harbour, and as a result, 
extensive deep water quays were projected and rapidly completed 
to accommodate the big Atlantic liners of the French Trans- 
Atlantic Line which has its terminal port at Le Havre. 

Whilst, however, increasing trade demanded the provision of 
greater facilities for carrying on the general business of the port, 
in no department was the need more urgently felt than in the 
handling of petroleum products. 

The old Bassin des Petroles, or Oil Dock, in Havre was built 
in the year 1894. It was of very small dimensions and was still 
more handicapped by the fact that the entrance to the dock was 
only 16 metres wide and consequently was not accessible to tank 
steamers of larger carrying capacity than approximately 6,000 
tons. It was situated at the extreme inside end of the port, and 
to approach it tank steamers had to go through practically the 
whole length of the dock system, and on the way to negotiate 
four locks. 

These facilities, however, were equal to the requirements of 
the trade for some years after they were first instituted, because 
Havre was intended to function mainly as a lightening port for 
the partial discharging of vessels, still of small size, which would 
otherwise have been unable to proceed up the Seine river to Rouen, 
where the main storages of the principal oil interests in that part 
of France were situated” As is well known, the conditions pre- 
vailing in the fairway of the river Seine between Havre and Rouen 
are, in themselves, a factor limiting the length and draught of 
any steamer attempting the voyage. In any case delays of con- 
siderable duration to steamers were frequently encountered before 
tidal conditions were favourable for proceeding up the Seine past 
Le Havre. 
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Up to the outbreak of the Great War in 1914 the trade in 
petroleum, which had been developing and increasing, was still 
conducted with the same facilities, or lack of facilities. 

In 1917, during the Great War, when the scarcity of petroleum 
—but specially of low test petroleum—was sorely felt in France, 
the Ministry of Transport, in consequence of an urgent request 
from G.H.Q., instructed the port authority that in the interests 
of the army the existing practice and the regulations then in 
force were to be disregarded, and big tankers were to be accom. 
modated in the Sas Vétillart. This is an ordinary lock connecting 
the inner harbour of Le Havre with the Tancarville Canal, and 
in consequence of this intervention tank steamers were allowed 
to proceed and to lie there, such temporary measures in the direction 
of safety as circumstances permitted being taken, as, for instance, 
the lock remaining closed to the passage of other ships and access 
to the quay around the lock being prohibited whilst a tanker was 
discharging. 

It is common knowledge that tank steamers, which were laid down 
in increasing numbers, from that time continued to grow in dimen- 
sions, and there being no other suitable accommodation in the Port 
of Havre, the Port Authorities decided that they would continue 
to permit the use of the Sas Vétillart for the discharge of low test 
petroleum tankers until some better arrangement could be devised. 
Indeed, considering the pressure brought to bear by importing 
interests, the authorities had really no alternative but to permit 
a continuance of this facility. 

The conditions, however, were such as to cause very great 
anxiety to the responsible authorities. The French oil interests 
were, naturally, satisfied with the special War time facilities they 
were enjoying and the difficulties of making constructive suggestions 
of a permanent character for their replacement were, it must be 
admitted, very real. 

At the beginning of 1926, the situation having become really 
acute, a State Commission was set up and given, by its terms of 
reference, special powers to inquire into the whole question of 
handling petrol. This ‘“ High Commission of Safety” called the 
“ Commission Tirman,” from the name of its chairman, prepared 
a Bill which received the signature of the President of the French 
Republic on August 28th, 1926. The Bill, which thus became 
Law, was a very comprehensive and complete document, and it 
laid down rigidly, inter alia, a general rule that berths for loading 
and unloading ships must be located as far as possible from inhabited 
areas and other ships. Minimum distances for security were laid 
down and many other stringent regulations were enacted. The 
passing of this Law showed how earnest were the authorities in 
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their recognition of the necessity of making a drastic change 
for the amelioration of the unsatisfactory conditions which existed 
not only in Havre but in other localities. 

On the strength of the recommendations contained in this Bill, 
‘the autonomous Port of Havre found itself in a stronger position 
to demand that the question of safety in the discharging of low 
test petroleum should be examined and investigated, and that the 
old installations should either be made safe in obedience to the 
rulings of the ‘ Commission Tirman ” or should be closed to the 
traffic. 

But meanwhile, as we have seen, a new actor had appeared 
on the scene and the Compagnie Industrielle Maritime, having 
obtained its concession in 1922, commenced operations for the 
construction of the petroleum part of the works contemplated in 
the terms of the concession. 

An essential condition at once recognised was the necessity of 
finding a location capable of the easiest possible access to tank 
steamers of the largest capacity and dimensions, and at the same 
time complying with reasonable conditions of safety. The selection 
of a suitable site was given careful consideration, and after much 
close study of the requirements called for by the concession as a 
whole, it was decided that the proper place for the dock and 
petroleum installation was inside the breakwater wall enclosing 
the harbour on the south side. That this decision was a wise 
one became abundantly proved by the fact that it enabled the 
Compagnie Industrielle Maritime to comply with the requirements 
laid down by the ‘‘ Commission Tirman,” but it meant the reclama- 
tion from the sea of the ground upon which the installation was to 
be built and introduced what I have described to you as the 
topographic peculiarity of the Havre installation. 

It is generally the experience that the selection of a site for an 
ocean installation accompanied by suitable depth of water for the 
berthing of large tankers presents some difficulty. It is desirable, 
and even necessary, that the site selected should be suitably isolated 
with room for extension, and at the same time should be free from 
the risk of contiguous or adjacent hazards. The old oil dock was 
particularly badly situated from this point of view and, therefore, 
I think it is true to say that nowhere in the important shipping 
and business centre of Le Havre could such a site be found capable 
of meeting all the requirements except by reclaiming it from the 
depths of the water. It is a great tribute to the industry and 
genius of the French engineers that they were undaunted when 
confronted by such a problem. 

The necessity for hurry was great—the authorities were insistent 
and even impatient.—It was, I think, a remarkable engineering 
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feat that within 20 months of the commencement of reclamation 
operations not only were over 40 acres of utilisable space for 
building purposes reclaimed, but a dock was built and dredged 


sufficiently to accommodate two tank steamers of the largest 


size and having a sufficient depth of water for them to lie always 
afloat at any state of the tide. 

Let us go back for a moment to the old position :— 

When the autonomous Port of Havre, strengthened by the 
Law of August, 1926, demanded either the making safe of the 
old arrangements or a discontinuance of their use, the French 
oil importers applied for permission to enlarge the old oil dock 
and to increase the width of the entrance so as to allow big ships 
to enter the oil dock and so do away with the use of the Sas Vétillart, 
which had originally been permitted only as a temporary war 
expedient. 

In November, 1926, the engineer-in-chief of the Port presented 
to the general manager a complete report on the question of dis- 
charging low test petroleum in Havre, which showed it to be 
clearly impossible to reconcile the application of the “ Tirman ” 
Law with the conditions existing in the Port however improved 
or adapted. 

The oil importers were consequently notified that their appli- 
cation could not be approved, and that they would have to find 
a way by which effect could be given to the provisions of the 
“Tirman” Act, but their reply was a renewal of their former 
demand that they be allowed, at their own expense, to enlarge 
the old oil dock. 

The Board of the Port of Havre, still realising the fundamental 
unsuitableness of the old dock as a point of discharge in consequence 
of the growing demands of ordinary trade and the close proximity 
of cotton and other large storage warehouses, applied to the 
Ministry of Public Works requesting that the whole matter be 
placed before the High Commission for Safety, i.e., the “ Tirman 
Commission,” so that there should be a definite State ruling which 
would exclude any further necessity for discussion or compromise 
with private interests. 

The Commission gave its decision in December, 1926, to the effect 
that the old installations would have to be closed as soon as 
possible—the Sas Vétillart lock at once and the old oil dock as 
soon as satisfactory arrangements elsewhere could be put through. 
At this time the new oil installation was already being operated 
and its superiority over the old system had been generally recognised. 

Armed with this decision of the “ Tirman Commission,” the 
engineer-in-chief of the Port recommended to the Board that the 
Sas Vétillart be closed to oil traffic on the July Ist, 1927, and the 
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old oil dock be closed as soon as practicable and under any cir- 
cumstances not later than January Ist, 1929. 

These recommendations were adopted by the Board of Directors 
of the Port of Havre on February 26th, 1927. 

It is, of course, unnecessary for me to do more than sketch 
in bare outline the historical facts of the case for my purpose of 
showing you how it came about that only by building an entirely 
new Installation couid the oil problem of the port of Havre be 
resolved, and I now pass on to tell you in greater detail how, in 
response to that need, this new installation has become an instal- 
lation in being. 

It is an interesting point in connection with the construction of 
of an oil wharf to consider the many civil engineering difficuities 
which beset those who undertake an installation of this character. 
Some considerable ingenuity has to be displayed by the civil engineer 
and at the Port of Havre he had been faced with the problem of 
coping with reclamation in tidal waters where the range of tide 
amounted to as much as 25 ft. between high and low-water 
levels. 

The area of reclamation had to include a site for the construction, 
of a tidal dock approximately 900 ft. in length and 560 ft. in width 
with a minimum depth of 33 ft. of water, thus being capable of 
berthing the largest oil tankers afloat. 

The best method of reclamation at Havre was very carefully 
studied and was decided upon only after due consideration of 
local conditions and the tidal currents which are encountered in 
the Seine estuary. 

The reclaimed lands were formed by pumping ashore dredged 
material to the north of—that is to say—on the inside of the 
southern breakwater of the harbour. It is apparent, however, 
that such reclaimed lands—unless their frontages and the under- 
water slopes thereof are properly defended—are useless for the 
purposes of building construction such as the erection of oil tanks, 
staging, cranes, railroads, etc., as they are not stable and are 
liable to be washed away. 

In the first instance a modification of Dutch practice was adopted. 
Instead of constructing fascines afloat (which is the practice, and 
possible, in Holland where protected waters are usually available, 
enabling the finished fascines to be lowered from supporting barges 
to the toe of a new “ fill’) the toe of the reclaimed area at Havre 
was, in fact, created at and towards low water, and the fascines 
were actually constructed in situ during those few hours per day 
when the site was available uncovered by the sea. Above this 
level wattles were employed, forming a series of steps up to forma- 
tion level and filled in with sand so that the ultimate slope has 
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now become more or less a replica of the defended faces of the 
Dutch sand dunes. 

As the work proceeded, however, improvements naturally sug. 
gested themselves, and, although nearly 5,000 ft. of reclaimed 
wall have been constructed in the way described, the new work 
now in course of construction, both to the east and west of the old 
work, consists of an ingenious form of reinforced concrete retaining 
wall built in sections. 

The construction of these reinforced concrete retaining walls 
provides that the horizontal bottom supports, as well as the 
vertical back stays and the diagonal bracings, while themselves 
an integral part of the wall, are there first of all to retain the face 
at a certain angle, and secondly, being buried, as they are, in the 
sand filled in behind them, form an anchor for holding the sections 
in their proper position. They are comparatively light in weight, 
although of course the thickness of concrete maybe varied as 
appears necessary, and with the solid packing of sand behind the 
face of the wall they form a very formidable defence against the 
sea, as well as discharging the functions of a retaining wall. Being 
built ashore greater care and supervision can be exercised in their 
construction by comparison with concrete retaining walls which 
have to be built in situ during tides, and being built in sections 
very rapid progress of work can be relied on. From the point of view 
of cost they are comparatively inexpensive and as regards speed 
of construction there is nothing in the usual present day retaining 
walls which can compare with them. Time alone will show whether 
this ingenious application of science for sea defences will stand the 
test. 

I am told that this form of wall, with its sloping face and im- 
pervious surface, embodies the principle known to civil engineers as 
that of the “ elastic retaining wall,’ and I believe that it is the 
subject of considerable study at present, the main underlying 
idea at Havre having been the utilisation of dredged ballast from 
the new harbour and the sand from the bar at the mouth of the River 
Seine in such a manner as to form a counter-balance to the earth 
pressures of the new “ fill,’ which would otherwise come directly 
behind a retaining wall designed on the older lines. 

Another interesting feature is that this new form of reinforced 
concrete retaining wall at Havre was pre-cast in large sections. 
each weighing about 28 tons, and placed in position by means of 
a large floating crane having a lifting capacity of 200 tons. Up 
to date, over a mile of retaining wall has been constructed, the 
work having been commenced in July, 1922, and the necessary 
area for the establishment of the present Oil Installation recovered 
from the sea by the beginning of 1924. 
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Fic. 2. 
COMMENCEMENT OF FASC INE WALLS. 
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FASCINE WALLS SHOWING STEP FORMATION. 
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Fic. 6. 
SECTION OF CONCRETE RETAINING WALLS BEING LOWERED INTO POSITION. 


Fic. 7. 


SECTION OF CONCRETE RETAINING WALLS BEING LOWERED 
INTO POSITION. 
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Fic. 8. 
CONCRETE RETAINING WALLA, 


Fic. 
INSIDE VIEW OF CONCRETE RETAINING WALLS, 


if 
lf 
ite 
al ak 
ahi ft | 4 
‘= - 
| vie AOE ae 
—— 


ADAMS : PRESIDENTIAL ADDRESS. 


SAND PUMPING AT BACK OF WALLS. 


DOCK CLOSED, 
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It has been estimated by the engineers that the filling already 
behind the retaining walls, which consists of ballast up to low 
water level and sand above, has reached the astounding total of 
56} million cubic feet. It is further interesting to note that out of 
the many failures to reclaim land by means of pumping sludge 
ashore the work at Havre has resulted in one of the few great 
successes, and it throws much credit upon the enterprise and 
ability of our friends the French Civil Engineers of to-day. 

It has been my design up to this point to show you that this 
Installation has not been developed from small beginnings, as it 
were by evolutionary processes, but may truthfully be said to 
have sprung—like Aphrodite—full grown and fully equipped 
from the depths of the sea. 

The utilisation of the elastic retaining wall was found to be so 
successful during the later part of the reclamation operations that 
it was also adopted for the purpose of finishing the reclamation 
of the land portion of the Dock, and these same reinforced concrete 
sections were adopted for completing the entrance to the Dock, 
thereby saving considerable quantities of filling as well as of 
fascine work. 

The ability to finish up the Dock Entrance in this way facilitated 
the devising of means for closing the dock while ships were dis- 
charging inside. This was achieved by placing cylindrical concrete 
caissons at each side of the entrance, along the vertical face of 
which specially constructed runners were fixed and a floating metal 
boom divided into three sections was provided. The two outer 
sections were connected at either end to the runners to enable 
them to move up and down with the rise and fall of the tide and 
the outer flies of these sections were hinged to a central member 
of similar design, the whole forming a floating tidal dock gate having 
an under-water immersion of about 3 feet and a free-board above 
water of about the same depth. These booms are towed aside to 
permit of the passage of ships and are kept closed during the 
operations of loading and discharging within the dock so that 
in the event of an accidental escape of oil on the water of the dock 
the oil cannot find its way into the waters of the Avant Port. 

The Dock, itself, is equipped with loading and discharging berths 
consisting of timber piled Jetties and Dolphins to accommodate 
tankers and barges. 

There has also been provided by the Compagnie Industrielle 
Maritime a separate jetty at a safe spot in the Port, but outside 
the Oil Dock, at which any size steamer can lie and be freed from 
gas after the discharge of her cargo. All necessary plant is provided 
at the jetty and this should be a great advantage to ship owners 
as a vessel can be made safe to go into dry dock for repairs without 
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going out of the limits of the Port for the purpose of freeing her 
tanks from gas. So far as I have been able to discover, Havre ig 
the first Port where a facility of this description has been 
provided. 

I turn now to the construction of the Shore Installation and to 
some details of its plant. 

To begin with, we have a level plateau composed of sand packed 
and consolidated by the natural action of the water as it drained 
away during the process of filling. 

In reclamation works carried out in the usual way where the 
filling consists of miscellaneous spoil, or, at any rate, of loose 
material, a long interval of time for consolidation is required before 
the imposition of heavy weights thereon can be safely undertaken, 
but so fortunate have been the Compagnie Industrielle Maritime 
with their reclaimed land that this difficulty has not presented 
itself, and so perfect a foundation has the sand proved itself to be 
that the tanks themselves, after being filled with water, did not 
move one half-inch in any direction. This will be of particular 
interest to civil engineers—indeed, owing to the excellent foundation 
provided it was possible to erect a ferro-concrete boiler house 
chimney without settlement of deflection, the chimney, weighing 
some hundreds of tons, merely resting on a ferro-concrete raft 
imposed upon the sand. This chimney is 162 ft. high. 

The initial programme provided for the erection of 33 steel 
storage tanks ranging from 50 ft. to 100 ft. in diameter, and 30 ft. 
high at the vertical sides, the whole forming a tank farm of an 
aggregate holding capacity for storage of 100,000 tons. This tank 
farm was enclosed, according to the usual practice, by a ferro. 
concrete fire wall about 5 ft. high, and it was further divided— 
to meet the requirements of the Committee of Public Safety— into 
sub-sections by means of transverse walls of similar construction. 

Much study was given to the question of tank foundations and 
at first it was thought that the situation required the provision 
of concrete rafts to form a foundation upon which the tanks should 
rest. Eventually it was decided that they should rest directly 
upon the sandy surface, and that it would be further possible to 
dispense with any form of foundation generally prescribed by 
established engineering practice. This circumstance, which is of 
great advantage, is seldom met with, and where the opportunity 
offers no more economical and effective foundation can be desired. 

The erection of the tanks was commenced in 1924 and the whole 
tank farm was completed at the beginning of 1926. 

The first tank steamer entered the Dock and discharged its cargo 
of oil into the tanks in March, 1926, and from that time many other 
oil cargoes have found a home at Le Havre, 
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To give you details of tank construction is not properly within 
my present intention, and it will suffice for my purpose to say that 
the tanks were designed on the strictest specification for the storage 
of petroleum spirit and were all fitted up with the most up-to-date 
improvements for that purpose. 

The foundations have withstood a prolonged test of stability 
under practical storage conditions for a period of two years without 
alteration and without any settlement of tanks or of other buildings. 

In most oil works it is the practice to run a number of pipelines 
to the tank farm in such a way as to be more or less common to all 
the tanks. In an installation such as the one at Le Havre, where 
it is possible that each tank may be required to contain a different 
grade of petroleum and these particular grades in many cases being 
owned by different clients, such common lines to the tanks would 
be most undesirable. At Havre, therefore, each tank is given its 
own separate pipeline, which is carried direct to and terminates 
at the pump house. No pipeline has any connection whatever with 
a pipeline belonging to another tank, and the pump house functions 
in the same manner as the familiar telephone exchange. This 
system gives the greatest control possible in dealing with the pro- 
ducts stored in any oil installation, but it is seen to have particular 
fitness when applied to an installation devoted to public service, 
since it affords practical immunity from mistakes and risks of con- 
tamination, besides possessing the further notable advantage of 
being capable of any extension which may be called for by sub- 
sequent development of the scope and area of the installation. 

The pump house into which all these pipelines are brought is 
placed outside the concrete fire walls enclosing the tanks, and into 
this same building are brought the pipeline mains leading from the 
dock jetties. Through these mains the tankers discharge and load 
their cargoes, and the necessary flexible hose connections having 
been made in the pump house, the oil is thus passed to, or drawn 
from, the particular tank, or tanks, as desired. 

The pumps themselves are generally of a capacity of 350 tons 
per hour when delivered through a 8 in. pipeline at moderate pressure, 
but a number of pumps of smaller capacity are also provided to 
take care of the lesser operations, such as the filling of tank cars, 
barges, and other receptacles. 

No valve boxes, or manifolds, of any sort are necessary or per- 
mitted, and each pump is entirely independent of any other, the 
connections being made to the tank and to the delivery line, or 
vice versa, by flexible hoses, as I have stated. Compressed air is 
provided to clear and empty the pipelines. The pumps themselves 
are permanently fitted with spring relief valves so as to obviate 
all necessity for telephoning to, or otherwise communicating with, 
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the pump house when the loading of a vessel is approaching com. 
pletion. All that is necessary is for the man at the discharge end 
of the delivery line to shut down the valve at his end and thereupon 
the relief valve comes into action and the pump circulates the oi] 
from the delivery into the suction until it is stopped by the pump 
room attendant. 

At a reasonable and safe distance from the pump house and 
jetties is placed the boiler house, equipped with boilers whose duty 
it is to supply steam to tank steamers for the discharge of their 
cargoes and also to run the pumps, engines, and other equipment 
of the installation. 

The operations in connection with the delivery of oil products 
in packages has been provided for in a separate warehouse equipped 
with filling tanks for filling heavy oils into barrels, and petrol 
and kerosine into cans, barrels, rail and road cars, and there is 
also all the other necessary machinery for conducting the many 
and varied requirements of a large oil installation, including, 
for instance, the clarifying and blending of lubricating oils. 

The installation also possesses its own power-station for the 
generation of electric current, necessary for the manifold needs 
connected with the handling of the products and generally required 
in an establishment of this description. It is, moreover, important 
to bear in mind that the installation is virtually established on an 
island site, and, although within the port limits, public services 
such as electric lighting, drainage, etc., are not available for its 
purposes. 

Another requirement of an installation of this kind is the provision 
of a repair shop where the constant small and every-day repairs 
can be promptly executed, and for this purpose a mechanics’ or 
fitters’ shop is provided and fitted with all the necessary machines, 
tools and plant for fitting work as well as for wood-working. 

An indispensable adjunct is that of a chemical laboratory. 
The importance of the role played by the chemist on an oil installa- 
tion cannot be too highly estimated. His duties, comprising 
as they do the testing and examination of an immense number of 
samples daily and the supervising of the qualities of the products 
taken in and delivered out, it can be said that his scientific guidance 
is of the utmost importance to the manipulative side of the business. 

A refinery for the treatment of crude oils is to be added to the 
plant in due course. 

Finally, to comply with the French official regulations, 
accommodation has had to be provided for the permanent residence 
of Customs officers who must be constantly on the spot to supervise 
the entry and despatch of petroleum products and their assessment 
to duty. 
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I have tried to describe to you a living instance of an important 
work, to the creation of which men who rightly take their place 
within our Institution have contributed important services. In 
fact it may be said to have been largely the work of men who are 
found amongst our members, each applying in a practical way his 
talents in his own particular field, whether it be chemical or 
mechanical engineering. Perhaps the side of petroleum technology 
which is least seen—the commercial side—may now put forward 
aclaim for some recognition of its part in the achievement of this 
latest contribution to our industry. 

In the body of this address I have made no reference to the share 
of the work contributed by the commercial technologist, but it is 
to his less spectacular, but none the less complementary part 
that in concluding I would draw your attention. 

Scientific institutions are generally found to be composed of a 
conclave of professional men who possess distinguished qualifications 
of an academic and scientific nature with special reference to the 
particular branch of exact science to which they have applied 
themselves. But I think that any institution must be strengthened 
by the inclusion of men who have achieved eminence as a result of 
long experience in the practical application to the needs of commerce 
of the scientific knowledge which they must call to their assistance 
in their projects. 

After all the commercial man is just as much a technologist 
as the others—his work is a complement of theirs. Modern academic 
degrees in commerce notwithstanding, the commercial man still 
has to devote many years to gain his experience and to study and 
apply the many scientific laws which govern his projects. He 
has to be something of an engineer, something of a chemist, certainly 
a mathematician, and a student of economics and finance, besides 
having to qualify in many other directions to fit him to play his 
part in the adventure. 

In this Institution we are engaged—as it were—in a race; a 
long-distance race in the great petroleum problem which enters so 
largely into our national, imperial and social lives. We all know 
how necessary it is for the weight to be properly distributed in the 
boat, and I venture to think (I borrow from Putney and Mortlake) 
that it would be to the advantage of this Institution as affording 
greater driving force in furthering the objects of petroleum tech- 
nology to have rather more weight in the middle of the boat in the 
shape of the 13-stone men of commerce. 

The Institution has won its present position by good team work, 
and I think we may all indulge in feelings of pride at the success 
which it has attained during its comparatively short life. I feel 
sure that it will be by proceeding on these lines, so well and truly 
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laid, that we may look forward with confidence to its future 
progress. 

Sir Frederick Black, K.C.B., in proposing a cordial vote of 
thanks to the President not only for his interesting and instructive 
address, but also for the manner in which he had carried out his 
duties as President during the past year, said he knew that when 
Mr. Adams was elected President twelve months ago a feeling of 
quiet confidence existed that they would have a President who was 
possessed of specially sound business judgment. That anticipation 
had been more than fulfilled. He had guided the Institution 
gently, but always firmly, and with knowledge and experience. 
It was etiquette not to discuss a Presidential Address, which was 
given to the members for their instruction and private thought, but 
not for public discussion. He hoped, however, he would not be 
trespassing upon the unwritten law if he made one suggestion to the 
President. He was sure many of the members felt when they were 
listening to the President’s interesting account of the development 
of the port of Havre that they would have liked to see upon the 
screen a few pictures illustrative of the points with which the 
President was dealing. He did not know whether any photographs 
were available that could be reproduced in the Journal when the 
address was printed, but if they were he suggested that they should 
be included. The President’s address had been of special and 
peculiar interest to him (Sir Frederick). It was nearly fifty years 
ago since he first was acquainted with the port of Havre, and he 
remembered the tremendously rapid rise of the tide, which the 
President alluded to in his address. Late in 1918 the first President 
of the Institution, Sir Boverton Redwood, and others, including 
himself, stood upon the quay at Havre as a Committee to debate 
upon what might be done there in connection with storage for the 
immediate purposes of the war. Many of the problems that the 
President had referred to as now practically solved had even 
then arisen. The proposals of 1918 came to very little as the 
Armistice followed shortly afterwards. He was sure that the vote 
of thanks which he now proposed would meet with a very cordial 
acceptance. 

Mr. H. E. Bradshaw formally seconded the motion, which was 
carried with acclamation. 


The President thanked Sir Frederick Black very much indeed 
for the kind way in which he had spoken of him, and the members 
for the cordial reception they had given to the motion. Sir Frederick 
Black had referred to the possibility of illustrating the address with 
photographs. Thousands of photographs of the work at Havre 
were taken, and at one time he thought it might be useful to prepare 
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a number of suitable slides to illustrate some of the descriptive 
matter contained in the address. The slides were prepared, but he 
thought later on that they would not be required ; in view, however, 
of what Sir Frederick Black had said he was now inclined to regret 
that he did not bring them with him and have them shown on the 
sreen. If it was thought desirable that some illustrations of that 
sort would be a useful addition to the Journal in order to make 
what he had been saying more easily understood, he would have 
much pleasure in looking out a set which might be utilised for that 
purpose. 
The meeting then terminated. 
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INSTITUTION OF PETROLEUM TECHNOLOGISTS. 
RUMANIAN BRANCH. 


Tue TentH GENERAL MeetinG of the Rumanian Branch of 
the Institution of Petroleum Technologists was held at the 
Industrial International Club, Ploesti, on Friday, December 16th, 
1927. 

In the absence of the Chairman Mr. J. T. Hayward occupied the 
chair. 


The Recovery of Gasoline from Field and Refinery Gases 
with Special Reference to the Bayer Charcoal Process. 


By Ion A.C.G.1., B.Sc. (Lond.), D.I.C. (Member). 


THE importance of the recovery of gasoline from field and 
refinery gases is now recognised everywhere. The progress in 
number and efficiency of gasoline recovery plants is well known 
to you. The rate of increase in the amount of gasoline recovered 
from field and refinery gases is much ahead of the rate of increase 
of crude oil production. 

For the year 1927 it is estimated that the natural gasoline 
industry of the United States will produce approximately 
1,600,000,000 gallons from natural gas and approximately 
340,000,000 gallons from uncondensed still vapours, giving a 
total of 1,940,000,000 gallons or 4,850,000 metric tons of gasoline, 
i.e., a daily production of approximately 5,400,000 gallons or 
13,460 metric tons. 

The production of gasoline from field and refinery gases is greater 
in the United States than the crude oil production in Rumania. 

The above figure of 13,460 metric tons of daily production in 
the United States represents 5.2 per cent. by volume, or 4 per 
cent. by weight, of the corresponding crude oil production in 
that country. At a first glance 4 per cent. is not a striking figure 
but if we assume that the price of gasoline, on weight basis, is 
34 times higher than the price of crude oil, then we realise that 
the recovered gasoline represents 14 per cent., by value, of the 
crude oil. 

In order to attain corresponding figures in Rumania—i.e., 4 
gasoline production of approximately 410 tons per day—the 
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minimum installed capacity of gasoline recovery plants should 
be about 520 tons per day (420 tons for field gases and 100 tons 
for uncondensed vapours in refineries). Unfortunately, natural 
gasoline production in Rumania is still in its infancy. Furthermore, 
it should be noted that in general the natural gasoline industry 
has not yet attained its highest possibilities. Two new factors 
contribute to its further development. These jactors are :— 
(a) The system of air and gas lift of crude oil, which augments 
and regulates the available gas for gasoline recovery ; 
(6) Improved methods in handling and storing, resulting in the 
maintenance of a higher percentage of volatile fractions in 
the crude, which fractions cannot al! be condensed with 
the ordinary refinery equipment. Therefore, there is an 
increasing necessity for the recovery of uncondensed still 
vapours. 
There are three main processes employed by the natural gas 
industry :— 
The Compression Process, 
The Absorption Process and 
The Activated Charcoal (Adsorption) Process. 
The first named two processes are older and better known. 
They have their advantages and limitations. The Charcoal Process 
is of more recent date and its development during the last years 
has been remarkable. 
The object of this paper is to describe the activated charcoal 
process of gasoline recovery, and especially the Carbo-Union- 
Bayer Process. 
The absorbent medium “activated charcoal” is a composite 
material which chemically is characterised by a very high content 
(about 90 per cent.) of carbon and physically is characterised by 
a great internal surface development compared to its mass. In 
other words, the activated charcoal is a structure of capillaries 
with a notably great surface. If the capillaries of such a charcoal 
would all be of the same size and would have a diameter of one 
millimikron, then the inside capillary surface of a cube of one 
centimeter base would total about 6,000 square meters. Ordinarily, 
the activated charcoal has capillaries of different sizes varying 
from 1 millimikron upwards and the inside capillary surface of a 
cube of one centimeter base is estimated to be about 600 square 
meters (6,500 sq. ft.). Such highly porous bodies possess the 
property of adsorbing gases and vapours. 
In fact, it is assumed that two phenomena take place :— 
(1) The covering of the surface of the capillaries with a one 
molecule thick layer of gas; and 
(2) The filling of the capillaries with condensed vapours. 
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The first phenomenon depends upon, and is proportional to, 
the surface; the second phenomenon, which quantitatively jis 
much more important, depends upon the inside capacity of the 
capillaries. Gases which cannot be condensed (being above their 
critical temperatures) will undergo only the first phenomenon, 
but those vapours which are below their critical temperature and 
hence can be condensed will be absorbed to a greater extent because 
they will also undergo the second phenomenon, i.e., condensation 
and filling of the capillaries. 
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SATURATION FIGURES FOR GASOLINE 


ADSORPTION IN ACTIVATED CHARCOAL 
Fr. 1. 


The charcoal has a lowering effect on the vapour tension of the 
adsorbed liquid. The adsorption depends upon the difference in 
vapour pressure of the condensed liquid in the capillaries of the 
charcoal and the partial pressure of the vapour in the gas. The 
activated charcoal will adsorb and condense greater quantities of 
vapours if such vapours are present in greater concentration in the 
gas, because in this case the difference in the vapour pressure of 
the liquid in the capillaries and the partial pressure of the vapour 
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in the gas is greater. Similarly, the adsorption capacity of the 
charcoal decreases at higher temperatures because the vapour 

ure of the condensed liquid in the capillaries will be raised, 
and hence the difference between this pressure and the partial 
pressure of the vapour in the gas will be reduced. 

The adsorption is very rapid in the beginning of the process, 
but slows up, however, as and when the charcoal becomes more 
saturated and ceases when the pressure of the condensed liquid 
in the capillaries equals the partial pressure of the vapour in the 


gas. 
Fig. 1 shows the percentage, by weight, of gasoline adsorbed by 
the Bayer activated charcoal at 25° C. as a function of the gasoline 


HEIGHT OF THE CHARCOAL BED 


0246810 % 8 2 


GASOLINE CHARGE IN 9% BY WEIGHT 
AT THE END OF THE ADSORPTION PERIOD 
Fra. 2. 


content of the gas or as a function of the partial pressure of the 
gasoline vapour in the gas. Hereafter we shall call charge the 
percentage by weight of the adsorptive in the adsorbens, and we 
shall call saturation the charge beyond which the charcoal, kept 
at a definite constant temperature, will no longer adsorb gasoline 
from a gas containing these vapours in a definite proportion. The 
saturation figures correspond to definite partial pressures of the 
gasoline vapour and to definite constant temperatures of the 
adsorbens. Such figures are plotted in the diagram of Fig. 1; 
they are obtained only in laboratory tests, pursuing the experiment 
x2 
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until the limiting charge (saturation) has been reached through the 
whole charcoal bed. In practice the charge is always less than 
the corresponding balanced saturation and is not uniform, having 
@ greater value at the inlet side of the gas and decreasing towards 
the outlet side, as shown diagrammatically in Fig. 2. 

Fig. 3 shows diagrammatically the structures of two different 
kinds of activated charcoal. The samples of these charcoals have 
been selected to have the same sizes of grains, so there is not much 
difference in the volume of the voids between the grains. There is 
a considerable difference between the volume of the solid carbon 
substance, which is due to the fact that the first charcoal is made 
from peat and the second one is made from fruit pits. It will be 
readily understood that neither the voids nor the solid substance 


DIAGRAMMATIC REPRESENTATION 
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will act in the adsorption process. The balance of the volume is 
the volume of the capillaries. These capillaries are classified 
according to size into the following three categories :— 

(1) Capillaries bigger than 100 millimikrons, 

(2) capillaries between 2 and 100 millimikrons, 

(3) capillaries smaller than 2 millimikrons. 

While the capillaries of the first category are too large and 
therefore useless for condensation, those of the second and third 
categories are suitable for this purpose. Capillaries of more than 
two millimikrons can condense vapours only when they are 
present in a certain high concentration in the gas, i.e., their 
partial pressure is great, whereas capillaries of less than two 
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Fie, 5. 
TRANSPORTABLE PLANT. DAILY PRODUCTION, 7 TONS OF GASOLINE. 
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nillimikrons—category 3—will condense vapours even if such 
vapours are present only in a very small proportion in the gas. 

The total volume of the capillaries up to 100 millimikrons has been 
determined by the quantity of benzol adsorbed from a gas saturated 
with benzol vapours, whereas the total volume of the capillaries 
up to two millimikrons has been determined by the quantity of 
benzol adsorbed from a gas only one-tenth saturated with benzol 
vapours. The difference of these two figures has given the total 
volume of the capillaries of the size between 2 and 100 millimikrons. 

The quantitative proportion between the two last-mentioned 
categories of capillaries is a criterion whether such charcoal is better 
suited for the recovery of solvents in relatively high concentration 
or for the adsorption of gases. Extensive research work in this 
field has bee: carried out, under Prof. Mecklenburg’s direction, 
in the laboratories for an organic chemistry of the Verein fuer 
chemische und metallurgische Produktion. 

In conclusion it can be stated that the quality of an activated 
charcoal depends : 

(1) Ou the development of inside capillary surface per unit of 

weight ; 

(2) On the capillary volume per unit of weight ; 

(3) On the diameter of the capillaries ; 

(4) On the chemical character of the surface. 

The above-named conditions can be adequately combined 
and proporticned only by a difficult manufacturing process. There 
are two main methods used at present in the manufacture of 
activated charcoal. In the first method the process is carried out 
in two steps: in the first step the raw material—in this case coconut 
shells—is carbonized and in the second step it is activated under 
steam treatment of about 1,000°C. In the second process the 
carbonization and activation is conducted simultaneously ; the 
raw material is first impregnated with a strong watery solution of 
zinc chloride (or another activating substance) and then the process 
is conducted at about 500°C. The first process is a gas activation 
process, whereas the second may be considered as a chemical 
activation process. 

The remarkable properties of the activated charcoal explain 
why gasoline adsorption plants using this material are so compact. 
The transportable plant, recently put into operation by the 
Rumanian Consolidated Oilfields (Phoenix Oil) is a striking example. 
This plant, as shown in Figs. 4, 5 and 6, has a daily production of 
7 metric tons (2,800 U.S. gallons) of gasoline, but weighs only 
60 tons, building and supporting frame included. Fig. 7 shows 
section and plan of a charcoal adsorption plant. Fig. 8 shows a 
plant with a daily capacity of 20 tons gasoline. 
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The principal parts of a charcoal gasoline plant are : 

(a) Filter for removing the impurities contained in the gas 
(dust, oil, etc.). 

(6) The adsorbers filled with activated charcoal, 

(c) The condenser and cooler for the distilled vapours, 

(d) The gasoline and water separator, 


(e) The blower for the drying and cooling air. 

These parts of an activated charcoal plant are shown diagram- 
matically in Fig. 9. 

The gas first passes through the filter (Fig. 9 a) where the impu- 
rities, such as dust, oil, etc., are retained, the gas leaving the filter 
enters one or several adsorbers (Fig. 9,6). The cycles are scheduled 
so that the adsorption periods in the different adsorbers are evenly 
overlapping, and also so that the rinsing periods are distributed 
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at equal time intervals and do not coineide in two adsorbers at a 
time. The gas enters the bottom and passes upwards through the 
adsorbers so that the lower layers of the charcoal bed are charged 
first with gasoline. The height of the charcoal bed, in which the 
adsorption process takes place, is called the “‘ adsorption zone.” 
Theoretically, in the adsorption zone, the charge of the charcoal 
decreases in the flow direction of the gas from 100 per cent. of the 
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saturation (corresponding to the partial pressure of the gasoline 
vapours) to 0. The charging of the charcoal is accompanied by 
liberation of heat. The temperatures shown by the three thermo- 
meters at the bottom, middle and upper part of the adsorber indicate 
the travelling of the adsorption zone, and hence the progress of 
the process of adsorption. The travelling speed of the adsorption 
zone is a function of : (a) the flow speed of the gas, (b) the gasoline 
content of the gas, (c) the corresponding saturation figure for the 
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charcoal, and (d) the apparent (bulk) density of the charcoal. This 
speed is expressed in cm/hour by the following formula : 

0-362 (a being cm./sec. ; 6 being grs./ecbm.; being % by weight ; 

d being grs./c.c.). 

The above expression gives higher values as obtained in practice, 
where the phenomenon is much more complicated, and the speed 
is influenced by a number of other factors. The presence of moisture 
in the charcoal and in the gas, acts on the process in a retarding 
way. Likewise the fact that the gasoline consists of a mixture of 
hydrocarbons, of which the heavier in being adsorbed drive out 
the lighter ones, this double process requires a longer time. Funda- 
mental researches to determine the behaviour of the adsorption 
phenomenon, under a wide range of conditions, have been carried 
out under the direction of Prof. von Halban in the physical- 
chemical laboratories of the Metallbank, and the results obtained 
have greatly improved the efficiency of modern plants. 

The charcoal manifests in a high degree the property of selective 
adsorption, the heavier gasoline fractions displacing and removing 
the adsorbed lighter fractions. Thus methane, which in the begin- 
ning is likewise adsorbed by the charcoal, is displaced by ethane, 
which in turn is being displaced, as and when the charcoal gets more 
charged, by propane, and so forth. For each constituent hydro- 
carbon of the gasoline there is a corresponding separate adsorption 
zone. The adsorption zones of the lighter hydrocarbons are driven 
in the direction of the flow of the gas, thus the degree of charge and 
the quality of the adsorbed gasoline varies at different heights of 
the charcoal bed. The charge of the lower layers is more near to 
the saturation figures, and the gasoline fraction adsorbed in these 
layers is heavier than the gasoline fraction adsorbed in the upper 
layers. 

When the adsorption zone of a lighter fraction breaks out through 
the surface of the charcoal bed, i.e. when the “ break point ”’ for 
this fraction has been reached, such lighter fraction will begin to 
pass in the residual gas. As the process continues, the gasoline 
content of the residual gas will be steadily increased and the specific 
gravity of such lost gasoline will also be steadily raised. It would 
be a logical procedure to stop the adsorption period at the break 
point of the lightest fraction it is wished to maintain in the gasoline ; 
but in practice this cannot be carried out so precisely because the 
fractions of gasoline are all soluble in each other, and therefore 
the phenomenon of selective adsorption is not so sharp, although 
sharp enough for practical purposes. 

In practice, the mean charge of the charcoal at the end of the 
adsorption period is 12 per cent. to 16 per cent. This figure is 
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much below the theoretical saturation figure under the same con- 
tition of partial pressure of the gasoline vapour in the gas. The 
difference between theoretical ‘‘saturation’’ and practical 
“charge ’’ of the charcoal deserves a more thorough explanation. 
In Fig. 10 an adsorber is shown diagrammatically and on its right 
several curves are plotted, representing the charge in per cent. by 
weight at different heights of the charcoal bed. The curve (a) in 
Fig. 10 shows the theoretical saturation, say 35 per cent., which 
would correspond to a gasoline content in gas of 50 grs./cbm. and to 
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a charcoal temperature of 25°C. Such a saturation would be ob- 
tained in a laboratory by slowly passing the gas, until the limiting 
uniform charge has been attained on the whole height of the charcoal 
bed. In practice the gas is passed quicker, and in order not to loose 
gasoline in the stripped gas, due allowance must be made for the 
length of the adsorption zone, and therefore the adsorption period 
is stopped when the upper part of this zone has reached the surface 
layer of the charcoal bed; and taking into accourt the length of 
the asorption zone, we would obtain a charge as represented by the 
curve (+) in Fig. 10. In practice the charcoal gets heated through 
the adsorption heat, and this heat is carried ahead of the adsorption 
zone by the gas. The temperature factor acts also in lowering the 
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charge and, taking into account also this factor, curve (c) is obtained, 
Two other factors contribute to further lowering the charge and 
these are the moisture in the gas and the residual moisture in the 
charcoal, and the curves (d) and (e) represent the charge, taking 
into account also these factors. This last curve (e) is function of 
the above-mentioned factors, and of the quality of gasoline that 
it is desired to obtain. The surface which it encloses, divided by 
height, gives the mean charge of the charcoal at the end of the 
adsorption period, and in practice, as said above, this charge is 
only 12 per cent. to 16 per cent., against corresponding saturation 
figure of 35 per cent. to 38 per cent. 

The heat liberated during the absorption process consists of : 
heat of adsorption and latent heat of condensation of the condensed 
vapours. To 1 kilogram of gasoline vapours adsorbed and con- 
densed in the capillaries corresponds a liberation of approximately 
140 calories. The temperature of the charcoal would be raised 
considerably if a good deal of heat were not carried away with the 
residual (stripped) gas. If the gas is rich, i.e., if the gasoline 
content is great, cold water is circulated through the coils during 
the adsoption period and the temperature maintained under 
50°C. 

When the desired limit of charge is reached in one of the ad- 
sorbers, the gas is turned off and indirect steam is passed through 
the coils. The steam used for indirect heating has about 2} At. 
pressure and a temperature of about 127°C. This indirect heating 
is not sufficient to eliminate the adsorbed gasoline. After a short 
period of indirect heating the charcoal is rinsed or flushed down- 
wards with direct steam, thus effecting the elimination of the 
adsorbed gasoline. This process deserves a more detailed 
description : 

Whereas theoretical calculations and laboratory experiments 
have shown that very large quantities of statically applied steam 
are necessary to recover the adsorbed vapours in the charcoal, it 
is gratifying to note that the quantity of direct steam required in 
modern gasoline plants for rinsing out one kilogram of gasoline 
does not exceed 2} kilograms. The difference is due to the fact 
that dynamically applied steam (rinsing) produces another effect 
than statically applied steam. Indeed, during the process of 
regeneration the rinsing steam carries away the extracted gasoline 
vapours so that the most discharged charcoal layer comes into 
contact with fresh steam in which the partial pressure of the 
gasoline vapours is practically zero, and, therefore, the regeneration 
of the charcoal (i.e., the extraction of gasoline therefrom) can 
be pushed so far that the residual charge of the charcoal corres- 
ponds to a gasoline vapour partial pressure of nearly zero. On 
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the other hand, the rinsing steam gets charged with gasoline 
vapours so that the bottom layers of the charcoal remain well 
saturated with gasoline until towards the end of the regeneration 
period. In this way the vapour mixture leaving the adsorber 
has a high concentration of gasoliue vapour until the end of the 
rinsing process. 

An important progress was achieved in the economy of the 
rinsing steam by the Ejector-Vacuum-Evaporator by which a 
noteworthy part of the latent heat of condensation of the steam 
and gasoline vapour mixture is recovered. The Ejector-Vacuum- 


Fie. 11. 
STEAM ECONOMISER ; EJECTOR-VACUUM EVAPORATOR. 


Evaporator (Fig. 11 and 12) is an apparatus consisting of a tubular 
heat exchanger (Fig. 11, e), of an evaporation chamber (Fig. 11, 6) 
and of a steam ejector (Metallbank-Josse-Gensecke) (Fig. 11, ¢). 
The Ejector-Vacuum-Evaporator is placed (See Fig. 11) on the line 
for steam and gasoline vapour mixture leading to the condenser 
so that the steam and gasoline vapour mixture gives up a great 
part of their latent heat of condensation to the vacuum evaporator 
instead of loosing it in the condenser. This heat raises the tem- 
perature of the water in the chamber of evaporation to about 80 
to 85°C. If at these temperatures the pressure is reduced to 
approximately 0.55 At. the water boils. The ejector (Fig. 11, c) 
brings about in the evaporation chamber the required degree of 
vacuum which is automatically regulated to correspond to the 
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temperature in the evaporation chamber and to cause the water to 
boil. 

The advantages of this apparatus are obvious: nearly half 
of the direct steam is saved by regeneration, the condensing equip. 
ment of the plant thus being reduced, the cooling water consump. 
tion of the condenser is diminished and the feed with rinsing steam 
is regulated automatically. Indeed, to ensure a proper operation 
it is necessary that the rinsing should be carried on progressively. 
The ejector vacuum evaporator now regulates automatically what, 
otherwise, could have only been done by hand regulation of the 
steam valve. At the beginning, the quantity of rinsing steam is 
limited to the feed steam of the Ejector, and the regenerated 
steam is produced only gradually as the mixture of steam and 
gasoline vapours reaches the vacuum-evaporator and heats the 
water therein. 

After the rinsing of the charcoal has been completed, the direct 
steam is turned off though still leaving on the coil steam, and air is 
blown through the adsorber, generally upwards. This air gets 
heated by the hot coils and dries the charcoal. When the charcoal 
has reached the desired state of dryness the coil steam is turned 
off while the air continues to pass through the adsorber and cools 
the charcoal. In order to speed up the cooling of the charcoal it is 
sometimes found advantageous to circulate cold water through 
.the coils. The humidity of the charcoal at the end of the rinsing 
period, drying period and cooling period is represented graphically 
in Fig. 13. You will note that the humidity of the charcoal is 
greater in the bottom layers even after the drying and cooling 
periods. This is due to the cold air which carries into the adsorbers 
humidity which is then adsorbed by the bottom layers of the 
charcoal. Now the activated charcoal in the adsorbers is ready 
for a new cycle and the raw gas is switched in again. It should be 
observed that during the entire process the activated charcoal 
never gets heated above 140°C. Nevertheless, the extracted 
gasoline sometimes has a distillation end point as high as 160°C. 
This is due to the fact that the rinsing steam does not act simply, 
as in a distilling process, but gives, on the one hand, enough heat 
to the charcoal to balance the adsorption and evaporation heat of 
the gasoline, and, on the other hand, creates an atmosphere in which 
the partial pressure of gasoline is practically zero, thereby forcing 
out the adsorbed gasoline from the charcoal. 

For a better understanding of the operation, a piant with 6 
adsorbers and 4 hours cycle is taken as an example. The duration 
of each period of the cycle is represented graphically (Fig. 14). 
For each adsorber the upper band represents operations in which 
the charcoal comes into direct contact with either gas, steam, or 
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Fic. 13. 


air, while the lower band represents operation acting only through 
the coils. 

The example of cycle shown in Fig. 14 can be varied according 
to the circumstances, lengthening or shortening the periods accord- 
ing to the quantity and quality of the gas, according to the quality 
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of the steam and according to the quality of gasoline that it is 
desired to produce. 

When very rich gas is treated, such as e.g. well trapped un. 
condensed still vapours, the drying and cooling of the charcoal with 
air can be dispensed with and after the rinsing period the fresh 
gas is immediately switched in on the wet charcoal. This pro. 
cedure has not only the advantage of time-saving but, by a simul- 
taneous elimination of the water from the charcoal and adsorption 
of the gasoline vapours, part of the gasoline adsorption heat is 
compensated by the negative heat of adsorption of the water 
eliminated from the charcoal. 

The activated charcoal recovery plant can be considered as a 
very sensitive rectification plant and by lengthening or shortening 
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EXAMPLE OF SCHEDULE OF OPERATION 
IN A PLANT WITH 6 ADSORBERS (OF GREAT HEIGHT) 
WORKING ON LEAN GAS:4 HOUR CYCLE 


Fie. 14. 


the periods of adsorption practically the exact required cut of 
gasoline, from the fractions contained in the gas can be obtained, 
and, as in this process the lower boiling point hydrocarbons are 
always displaced by the higher boiling fractions, the gasoline 
recovered is free of wild fractions and further “ stabilisation” is 
rendered unnecessary. 

It should be noted that the gasoline recovered from field and 
refinery gases has a great value for blending because it improves 
volatility and reduces the tendency to knock of such blended 
motor fuels. The recovered gasoline consists mainly of low boiling 
paraffin hydrocarbons (butane, pentane, hexane, heptane) and it is 
now demonstrated that such paraffin hydrocarbons have a high 
anti-knock value. The blending should be done in a judicious way, 
taking always into consideration the quality of the available 
recovered gasoline, as well as the required quality of the finished 
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motor fuel. Great progress has been achieved lately in this direction 
by blending the gasoline recovered from field and refinery, gases 
with special cuts of straight run benzine. 

How necessary it is to handle each case individually, can best 
be judged from the Engler-Distillation results of the three different 
kinds of recovered gasoline given below : 


3. 3. 
Sp. gr. 15°C 0-662 0-635 697 
LB.P. 27°C. Less than 25° C. 33°C, 
°C. % % 
30 15 28-5 
40 18 46 3 
50 39 59 15°5 
60 55 68 29°5 
70 64 75 39-5 
80 71 79-5 50 
90 78 83 60 
100 84 86 70-6 
110 88 — 78 
120 92 85 
130 95 ae 90 
140 96 93-5 
150 95-5 
160 oe oe 96 
FBP. .. oe 143° C. 103° C, 163° C. 
Residue .. oe se 0-5 0-5 1 


No. 1 refers to a gasoline recovered by a charcoal plant situated 
on the field; No. 2 refers to a gasoline likewise recovered from 
field gases, but the plant was situated at a long distance from the 
fields and, as the day when the sample was taken was a very cold 
day, large amounts of “drip” gasoline were formed on the line 
by simple condensation and hence the gasoline recovered in the 
plant was very light and had an end point of only 103°C. The 
third sample is that of a typical gasoline recovered from refinery 
uncondensed still vapours (No. 3). 

Some calculations of the operating expenses of activated charcoal 
plants might be of interest. The direct expenses in such plants 
are proportional to the quantity of recovered gasoline and, therefore, 
they can be best indicated per ton or gallon of recovered gasoline. 
These direct operating expenses are limited to the following three 
items: steam, water and charcoal. 

The steam requirements vary between 3 and 4} tons per ton 
of recovered gasoline. This figure is under the assumption that 
steam drive is used for the air exhauster. The steam consumed 
in the process itself is really only 2 to 3} tons per ton of recovered 
gasoline. 

The water consumption is very low and is practically limited 
to the water evaporated in the cooling tower or cooling pond. 
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As a matter of fact these evaporation losses of the water are com. 
pensated by the condensate of steam which is added to the water 
circuit, and there are cases of many plants having been operated, 
even during the summer months, with no supply of fresh water. 

The consumption of charcoal in the recovery of gasoline from 
field gases, free of sulphur compounds, is limited to a mechanical 
loss, which does not exceed 1 kilogram of charcoal per ton of 
recovered gasoline. 

Where the gas contains sulphur compounds—and this applies 
especially to still vapours in certain refineries—such sulphur 
compounds are prevented to some extent from influencing the 
activity of the charcoal by filtering the gas through scrubbers 
containing a lower brand of activated charcoal. Furthermore, 
unsaturated hydrocarbons in presence of activated charcoal poly. 
merise and fill the capillaries with some sort of asphaltic material 
which likewise reduces the adsorption capacity. In such cases, 
some 3 kilogrames of charcoal have to be replaced per ton of 
recovered gasoline, but only half of the expense should be reckoned 
with because the other half is reclaimed by either re-activating 
the charcoal in the works or using it as a filtering agent. In some 
rare cases where, for the above mentioned reasons, the quality 
of the gas is not suitable, the application of the process should 
be avoided before further improvements in the methods of scrubbing 
the gas have been accomplished. 

The direct operating expenses, consisting of the above-mentioned 
three items, are calculated per ton and per gallon of recovered 
gasoline in the following statement : 
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(a) Steam— a & 8. 

Consumption 3-4} tons per ton of gasoline. 

Cost of steam 4s. 6d. per ton. 

Cost of steam per ton of gasoline production .. 013 6tol 0 3 
(6) Water— 

Consumption 0 to 6 cbm. per ton of gasoline. 

Cost of water 6d. per cbm. 

Cost of water per ton of gasoline production .. 0 0 Oto0 3 0 
(c) Activated Charcoal (mechanical loss)— 

Consumption } to | kgr. per ton of gasoline. 

Cost of activated charcoal $1 (4s. 2d.) per kilogram. 

Cost of activated charcoal per ton of gasoline 


production. . 0 2 1t00 4 2 
Total cost per 1 ton of gasoline es -- O15 Ttol 7 5 


Total cost per Imperial gallon 


In such cases where the charcoal has to sustain, besides the 
above-stated insignificant mechanical loss, some loss of its activity, 
an extra expense of about 6s. per ton of recovered gasoline should 
be taken into account for charcoal renewal. 
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If the items for amortisation, labour and general expenses are 
included, the above figures should be practically doubled, but 
this does not preclude gasoline recovery, whether from field gases 
or from refinery still vapours, from being in most cases a wise 
and profitable operation. 


DISCUSSION. 


Mr. Ashworth said that in 1921 he visited the first charcoal 
plant in existence at Bradford, Pennsylvania. This was installed 
at the United Gas Company’s works there and, in capacity, was a 
small plant with three absorbers holding about six tons of charcoal 
apiece. 

The plant worked well, but the great difficulty was the large 
amount of steam required to re-evaporate the gasoline out of the 
charcoal. The reason for this was that the steam was used dry 
and with a considerable amount of superheat, the temperature 
being, he believed, about 275° C. Under these conditions, the 
steam was not adsorbed by the charcoal and so could not displace 
the adsorbed gasoline. In the system described by Mr. Edeleanu 
saturated steam is used and the adsorption of this displaces the 

line. 

M The large amount of steam required in the early plants pre- 
vented the charcoal process coming to the front much sooner. 
The oil absorption process had to a large extent displaced the 
earlier compression process, but oil is less efficient as an absorbent 
than charcoal, and can only be charged to 4 or 5 per cent. against 
12 or even 15 per cent. for charcoal. 

The strong adsorptive power of charcoal makes it more difficult 
to re-evaporate the gasoline from the charcoal. In this re-evapora- 
tion one has to take into account not only the latent heat of the 
gasoline but the heat of adsorption. The latent heat of the gasoline 
is about 80 calories per kilogram, but to overcome the adsorption 
another 60 calories has to be provided. 

Mr. Edeleanu has stated that it is logical to stop adsorption as 
soon as all the propane has been displaced but before any butane 
is lost. I think that is rather the gasoline manufacturer's point of 
view. He likes to condense as much liquid as possible per thousand 
cubic feet of gas, regardless of the enormous evaporation losses 
which occur when the product is handled subsequently by the 
refinery. In Rumania the use of the gasoline is to make a larger 
amount of light benzine, the specification for which is that 60 per 
cent. should distil below 100° C., and that there should not be 
more than 2 per cent. loss in making the usual Engler distillation. 
It will be necessary, therefore, to part with a good deal of the 
XY 
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butane before a suitable product is obtained for blending into light 
benzine. The gasoline manufacturer will have to give up some 
of his lighter product in order to make a gasoline which can be 
used by the refiner with only a reasonable amount of loss. 

There is some difficulty in knowing when an absorber is charged 
with gasoline of the desired volatility. There is still a need of 
some indicator which will show when the absorber is charged to 
the required extent. In the case of lean gas which does not vary 
much in gasoline content, one can measure the charge of the 
absorber by measuring the amount of gas which has been passed 
through. In the case of richer gases, the variation from time to 
time, from hot to cold weather, or from night to day, makes the 
amount of gas an uncertain measure of the charge of the absorber. 


Mr. J. T. Hayward said it appears that we have a long way 
to go to catch up with the United States of America or Poland. At 
the same time the figures may be a little unfair to the Rumanian 
industry, as it is possible that the gas-oil ratios are not so high in 
this country and that the gasoline content is lower. Until more 
complete figures are available regarding these, one cannot state 
definitely what the possible casing-head gasoline recovery is. 

In this country it appears that the sole process used in the 
fields is the charcoal process. On the other hand, in the United 
States of America it is very little used. I think it will be very 
interesting if Mr. Edeleanu could give some reasons for this. 

A certain difficulty which had been brought to his attention was 
that when re-cycling on gas-lift wells through ch ircoal absorption 
plants the lean gas appears to carry a lot of water vapour, probably 
owing to the direct steam used in the absorbers. This causes a 
lot of trouble with freezing in the delivery lines to the wells. 

The steam economiser, as a piece of apparatus, interested him 
very much, and he had always been surprised that it is not more 
widely adopted, for instance, in the ordinary refinery. 


Mr. J. L. Chaillet asked if the author would recommend a 
charcoal adsorption plant of this type for the purpose of recovering 
the light gases from a refinery ? Not only the gases which cannot 
be held, but also the gases which may be escaping from storage 
tanks. He had visited a few refineries in the United States, and 
so far had only found oil absorption plants in use. He believed 
the reason for this in some cases is that some of the oils contain 
sulphur which poisons the charcoal and destroys the efficiency 
of the plant. 


Mr. Lansing, in answer to Mr. Chaillet’s question, said that 
at the refinery at Bay Town they had difficulty with a charcoal 
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t due to the poisoning of the charcoal, but eventually, by 
treatment of the charcoal, the difficulty was overcome. 


Mr. E. J. Sole asked if charcoal absorbed more gasoline as 
time went on? At Gura Ocnitei, 4} tons per day were obtained 
at the start, but now the yield was from 6-7 tons from the same 
amount of gas of the same gasoline content. It seems that the 
carbon improves with use in absorbing gasoline. 


Mr. Ion Edeleanu, in reply, said that he agreed with Mr. 
Ashworth that in the adsorption charcoal process the consumption 
of rinsing steam, if superheated, is much greater than if such 
steam is not superheated. This is due not only to the fact that 
the displacing effect of superheated steam is smaller, but also 
to the fact that in the case of superheated steam a much smaller 
percentage of the latent heat of the steam is made use of for the 
elimination process of the gasoline. In such cases most of the 
latent heat is then uselessly given up to the cooling water of the 
condensers. 

With regard to the lightest fraction which should be allowed 
to enter in the composition of recovered gasoline, he suggested 
that different qualities of gasoline should be made in winter and 
summer. He believed that in winter, the keeping of all the 
butane fraction in the gasoline will improve the volatility (and 
also the anti-knock properties) of the blend. On the other hand, 
in summer the gasoline manufacturer could part with a great deal 
of the butane fraction, in order to reduce the evaporation losses. 

Regarding the necessity of an “indicator” for controlling the 
allowed limit of saturation of the charcoal, he said that he con- 
sidered this problem as extremely difficult in the case of such a 
complex product as gasoline. Now the only available indicators 
are the three thermometers at three heights of the adsorber. For 
solvents such as benzol, or alcohol, such indicators have been built 
based on the testing of the stripped air by the interfero-meter 
method or the dew point method. The desideratum raised by 
Mr. Ashworth must be kept in view. On the other hand, it is 
pleasing to observe that, by examining the daily logs of the Orion 
and Astra plants, it can be seen that these plants have been 
operated with good efficiency at an approved saturation of the 
charcoal. At a plant working on still vapours in a refinery with 
batch-lot distillation, the operation was much more difficult, as 
the amount of vapour to be recovered varied from 30 litres to 
300 litres per hour, and hence often the charcoal was either run 
under or oversaturated with such vapours. 

In reply to Mr. Chaillet, charcoal plants can certainly also be 
used for the recovery of evaporation losses from tanks. A primary 
Y2 
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condition for the recovery of evaporation losses is that the tanks 
should be gas tight (which is not always the case in Rumania), 
If there is some mechanical difficulty in catching all vapours 
escaping during evaporation, there is on the other hand an easy 
rudimentary way to catch the vapours, which are eliminated by 
the raising liquid level in the filling operation of the tanks. These 
vapours should be collected either by direct connection to the vent 
of the tank, or by a funnel connected only to the gas suction line, 
and placed horizontally under the vent fitted with a double return 
fitting. The gas suction line should be in this case open only 
during the filling period of the reservoir, and the vacuum so 
regulated as not to absorb unnecessarily much air. But even if 
direct connections should be made to the vent, and if a vacuum 
of lin. (25 mm.) of water would be put on the reservoir itself, 
it should not be feared that this vacuum, which is only one-fourth 
per 100 of the total atmospheric pressure, would materially 
influence evaporation. 

With reference to Mr. Lansing’s remarks, by fixing on the raw 
gas line a filter containing activated charcoal (even of a poorer 
quality) a great proportion of undesirable constituents of the gas, 
which would poison the activated charcoal of the plant itself, 
are prevented from entering the plant. 

In answer to Mr. Sole’s question, he did not think that there 
is an improvement in the adsorption power of the charcoal as 
time goes on, and the increased production of the Gura Ocnitei 
plant from 4} to 6-7 tons per day might be due to a change in 
the schedule of operation. 

With regard to Mr. Hayward’s remarks, he (Mr. Hayward) 
is probably right in assuming that the gas/oil ratios are not so 
high in Rumania as in the United States, and consequently it 
should not be expected that the same proportion of gasoline 
production will be reached. On the other hand, it should be 
observed that in Galicia, where the gas/oil ratios are even lower 
than in Rumania, the natural gasoline industry is more generalised 
than in this country. In Galicia there are now 19 gasoline recovery 
plants (out of which 16 are charcoal plants), and the production 
in 1927 will reach approximately 20,000 metric tons (while the 
crude oil production is only one-fourth of the Rumanian crude oil 
production). In Galicia the natural gasoline production is about 
2} per cent. by weight of the corresponding crude oil production. 

There are two main reasons why charcoal plants are not more 
extensively used in the United States, namely: (a) the sulphur 
content of the gases in some important fields of that country ; 
and (b) that the charcoal plant is better suited to small units, 
as to the very big plants required over there. The tendency to 
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use in Rumania only the charcoal process is explained by the 
quality of the gas itself. In this country the gas contains a great 
proportion of air, and hence the mixture of gas/air is not rich 
enough in gasoline to use the compression method. For the oil 
adsorption method the available pressures of the gas are not 
high enough and, besides, the air present in the gas would have 
an oxidising effect on the adsorption oil. 

The water in the stripped gas could be avoided by lengthening 
the “‘ drying period ” of the cycle. 

Mr. Hayward’s remarks regarding the use, in ordinary refinery 
work, of the same steam economiser which is used in Bayer plants, 
are most interesting. An important saving of steam could be 
expected from the use of the steam economiser. At the Orion 
gasoline recovery plant this economiser paid for itself in about 
eight months’ operation. With 1 kilogram of fresh steam approxi- 
mately another kilogram of recovered steam can be generated. 
He (Mr. Edeleanu) believes that Mr. Hayward, who has been a 
pioneer in so many improvements, will also be active on this 
question of the application of the steam economiser, and it is 
hoped that in about a year practical results obtained with such 
economiser in refinery work will be available. 
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Decomposition of Paraffin-Wax on Heating. 


By H. I. Waterman, J. N. J. Perqurn and H. A. van Westen, 


(a) Determination of molecular weight by the method of lowering of 
freezing point. 


In some cases this method of the determination of molecular. 
weight gives very favourable results with camphor as a means of 
solution.'' Although camphor has the advantage of giving a 
considerable molecular lowering of melting-point, it has the dis. 
advantage that its vapour tension is rather high at melting-point, 
so that loss of weight resulting from evaporation may easily occur 
during heating. In his method, Rast used a few milligrams of 
substance and determined melting points in capillary tubes. Un- 
doubtedly this method has its difficulties ; these we have tried to 
overcome by determining a temperature-time-curve with a greater 
quantity of substance while cooling the mixture. The objection 
to this is a distinct retardation in cooling, which can be ascribed 
to the low heat of fusion of camphor.? Therefore, the determina- 
tion of the melting-point was again carried out in Thiele’s apparatus, 
ignoring whether the exact melting-point was actually determined, 
the object being the determination of a lowering of melting-point. 
It also appeared to be necessary to adopt a standard method of 
procedure. First of all, the camphor under investigation was 
distilled at atmospheric pressure, the water which was present in 
small quantities in the starting material being expelled at the same 
time. The melting-point was then determined in Thiele’s apparatus 
using thin walled tubes, four determinations giving a result of 
174-8° C. The temperature was raised very slowly and continuously 
in order to be certain that the substance in the tube was at the same 
temperature as the surrounding liquid. If correction be made for 
the protruding part of the mercury-column outside the liquid, 
the melting-point is found to be 174-8+3-8=178-6°. This figure 
corresponds with the observations found in literature and diverges 


1K. Rast, Ber. d. deutsch. chem. Ges. 55 (1), 1051 (1922). 
* Hulett, Z. Phys. Chem. 28, 659 (1899). 
* See also Berl-Kullmann, Ber. 60, 811 (1927). 
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some tenths of degrees at the utmost.! Rast mentions 174° as the 
melting-point, but does not mention any correction. When 
determining melting-points, two capillary tubes were used together ; 
they were heated in the same way on both sides of the thermometer. 
This is absolutely necessary, for if one of the capillary tubes is 
placed on the side facing the circulation-tube and the other on the 
side opposite to this tube, a great difference in melting-points is 
found. On applying the method to naphthalene, great difficulties 
arose in taking samples from a solution of naphthalene in camphor. 
This solution was prepared by placing known quantities of naphtha- 
lene and camphor in a test-tube, the upper part of which was cut 
off. The mixture was melted in an oil-bath, and in order to prevent 
evaporation as much as possible, the tube was closed by a cork. 
It is necessary to mention that the tube should be cut off as short 
as possible and the whole heated. By this means, evaporation of 
camphor from the melt is prevented, and it cannot congeal in the 
upper and colder part of the tube. After cooling, small quantities 
of the molten mass were placed in capillary tubes and the melting- 
point determined as mentioned above. The results were not 
concordant ; in one case, 168-4°, 170-7°, 169-8°, 168-2°C. were 
found successively from which a conclusion may be drawn that the 
mixture was not homogeneous. This may be due to the fact that 
on cooling the melted mass the camphor crystallises first, or else 
a series of mixed crystals may be formed, which in any case contain 
more camphor than the liquid itself. An effort was them made to 
make the mass homogeneous by rubbing it together in a mortar. 
This, however, was unsuccessful, probably owing to the peculiar and 
fatty consistency of the camphor crystals. Samples were there- 
fore taken from the liquid mixture by placing the extreme end of 
an open melting-point tube into the liquid, so that a small part 
of it rose in the tube and subsequently congealed. Owing to the 
evaporation of camphor from the extreme end of this tube, a small 
part of the melting-point tube was broken off with part of the 
substance after solidification. The other end was melted and with 
the aid of a thinner capillary tube the substance was moved to 
the closed end of the tube. Care was taken that as little as possible 
of the substance remained on the wall. This method, however, 
did not succeed in many cases, particularly, when the congealed 
mass was hard, and resisted transference to the closed end of the 
tube. Wider tubes were found to overcome this difficulty, while 
a gentle warming of the tube precluded any congealing of camphor 
on the cold sides of the glass. By taking all the precautions men- 
tioned above, the molecular lowering of the melting-point of the 


1V. Meyer and P. Jacobson, Vol. II., Part I., p. 1001. 
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camphor was determined with naphthalene (molecular weight 128), 
a result of 40-0° being obtained. 


(6) Application of the method to the determination of the molecular 
weight of paraffin-wax. 

Ordinary Rangoon paraffin was used, similar to that employed 
in the investigations on Berginisation of paraftin-wax.! 

Using known mixtures of paraffin-wax and camphor (1:10) the 
lowering of melting-point was found to be, in one case 9-3° and in 
another 10-0°, from which may be calculated the molecular weights 
427 and 417. (During former and rougher determinations 383-387 
was found.)? 


(c) Application of the method to the determination of the molecular 
weight of some residues from Engler-distillation obtained during 
cracking and Berginisation experiments with paraffin-war. 
(The latter have been described in former communications.) 


The residues of the experiments 94 and 92 (cracking) and of 
80 and 78 (Berginisation) were examined. 


94 (Cracking) .. 87 (Berginisation). 
Mol. w. ~s ea 282, 283, 286 .. 335, 342. 

No. 92 (Cracking) .. 80 
Mol. w. 328, 320 .. 297, 300 

Mol. w. 266. 


These results _ that there is little than between the 
molecular weight of the cracking- and Berginisation-residues. 
Actually, the molecular weight of the residue is lower than that 
of the starting material which indicates a general decomposition 
of the paraffin-wax, apart from small quantities of ‘“ carbon,” 
caused by cracking. Hence, no substances of high molecular 
weight are formed, at least not in large quantities. It is known 
that the specific gravity of cracking residues is higher than that of 
the residues obtained on Berginisation, and hence it is evident 
that the character of these cracking-residues must be altogether 
different from that of the Berginisation-residues. The cracking- 
residues are probably related to products of a more cyclic character. 


d. Influence of Temperature and Time on the Decomposition of 
Paraffin-wax. 


The purpose of this investigation was to determine the tem- 
perature at which paraffin wax begins to decompose, when it is 


1H. I. Waterman and J. N. J. Perquin, Proc. Kon. Akad. v. Weterchappin, 
Amsterdam 28, No. 3; J. Inst. Petr. Techn. 11, No. 48, Feb., 1925. 

2H. I. Waterman and JI.N. J. — J. Inst. Petr. Techn. 18, No. 62, 
421 (1927). 
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heated in the absence of oxygen. Another subject of investigation 
was how decomposition-processes once commenced at a fixed 
temperature, increased in intensity at a higher temperature. The 
starting material was again Rangoon-paraffin. This was heated 
in a distillation flask filled with nitrogen, the paraffin being freed 
from air beforehand by heating it in the flask without receiver on 
the waterbath, connecting the flask to the receiver, evacuating it, 
and allowing it to cool. The connection with the pump was made 
at the ground joint T (see Fig. 1). Cock W was then closed, and 


DecoMPOSITION OF PARAFFIN-WAX AT DIFFERENT TEMPERATURES. 
(Raw material 118-8 gr. Rangoon paraffin.) 


Original Expt. Expt. Expt. Expt. Expt. 
n. I. iL. TV. Vil. 
tion and tem- 16hours 12hours 20hours 10 hours 
ture at 327°C. at 340°. at350°. at 360°. at 370°. 
nity and dis- some some 1-2 gr. 3-4 gr. 3-1 gr. 
drips drips 
nine number of 47-9 56-9; 56-7 61-7 


53-9 54-5 


57-2 56-48 56-5 
sidue (Shukoff) 


z. 70°/4° of the 0-7744 0-7768 0-7763 0-7756 0-7756 
sidue 


1-4312 14311 
fof the residue 1-4334 1-4332 «11-4334 

at 70°C. 1-4387 “4388 

1-4432 14431 11-4431 144311 

weight of the 410 409 407; 411 367;373; 367; 361 
sidue (Rast) avge. 409 368 


avge. 369° avge. 364 
123-9 


ecular refraction 137-7 136-9 137-0 


3-3 
237-4 


0 
77-1 


61-6 


flask.and receiver via ground joint connected with the rest of the 
apparatus. The apparatus to the right of W was evacuated likewise 
by connecting the vacuum pump near O with this part. It is 
assumed that cock S is open, three-way cock Z adjusted so that 
the CaCL, drying vessels V and Y * are disconnected, the suction 
tube of the pump being still connected to the tube to the right of 
Z via cock O. It is assumed besides that the cocks in the other 
parts of the apparatus are in such a position that the vessels A, B, 
C, CC, D and the tubes to the left of cock Q are evacuated. Cocks 


? These vessels were not used during this investigation. 
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R and P are also opened, so that open manometer I and closed 
manometer II, as well as open manometer III are evacuated 
Then cock W was opened and the whole apparatus filled with 
nitrogen via cock G. In later investigations, the nitrogen was 
freed from oxygen by treating it with an ammoniacal solution 
of cuprous chloride. Before use, the nitrogen was dried with 
H,SO, and was allowed to fill the apparatus partially, for example 
to a pressure of 600 m.m. of mercury (as read on the manometer), 


The space of the apparatus to the right of T was divided into 
two parts during these investigations :— 
1°. The whole space, with the exception of the space between 
cocks P and E. 

2°. The space between P and E, including the vessels B, C, D 
and the tubes lying in between, up to the mercury in open 
manometer ITI. 

The second part was used in all the investigations as a reserve- 
space for catching the gas, for as gas was developed on heating, 
there was some chance of excessive pressure developing in the 
first part. By evacuating the second part beforehand, however, 
the gas could be withdrawn, thus counteracting the excess pressure. 
The contents of spaces I and II were measured. Part of the gas- 
content was pumped from space I to a gauge-glass, and from the 
lowering of pressure, the volume of I could be calculated. Knowing 
the volume of I, the volume of II could immediately be found by 
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evacuating II, connecting it with I and reading the final pressure. 
The vessels A, B, C and D, like CC ', could be refrigerated separately 
with liquid air, hence it was possible to collect more gas temporarily 
by separating it as a liquid in one of the vessels. Part of the 
remaining gas could then be pumped to the measuring tube (see 
Fig. 2). Afterwards, the liquid separated in the vessels, could 
again be evaporated and measured as a gas. One of the vessels 
(CC), was so constructed as to resist pressure at the same time, 
so that in special cases, separated liquid could be weighed by 
temporarily removing the closed vessel from the rest of the appar- 
atus by breaking the connection at the ground part H after closing 
the two cocks J and K. 

To obtain constant temperature in the flask in which the paraffin 
was heated, a special thermo-regulator was constructed, consisting 
of a cylindrical air-box L. (Fig. I.) When expansion occurs on 
account of the temperature becoming too high, the air raises the 
mercury in barometer tube N, by which resistance is cut out, 
The electric current grows stronger accordingly and cone K is 
drawn downwards by the electro-magnet E.M., thereby reducing 
the gas-supply. This thermo-regulator is accurate to within about 
2 degrees. 

In Fig. 2, the pump-installation used is reproduced. This 
installation comprises : a Tépler-vacuum pump attached to a board 
P, a reservoir D with vessel E attached and finally a measuring 
tube A with compensation-tube B and manometer C; A and B 
are surrounded by a water-jacket to obtain a constant temperature. 

The part between cock 1 and three-way cock 2 was not used 
during these investigations, so cock 1 was closed all the time. 


THE WoRKING OF THE Vacuum Pump. 


The suction and compression of gas occurs by falling and rising 
of the mercury from the Woulf-flask H, through tube L into vessel 
K. At M, the pump is connected with the apparatus from Fig. 1; 
and after falling of the mercury, which causes reduction of pressure 
in K, the gas is sucked away via a P,05 drying vessel, an elastic 
glass connection and a valve V. In the period following, the 
mercury rises, shuts off valve V and presses the gas to vessel F. 
This vessel is connected to a levelling-vessel N, which can be moved 
vertically along a rod. From F the gas can be led via the three-way 
cocks 6, 5, 4, and 3 into reservoir D by placing N high and E low. 
From D, the gas can be conducted into measuring tube A and 
after measuring via 2, 3, 4 and 5 to Z. By filling all tubes with 
mercury beforehand the work can be done without gas losses. 


1 Which has not been used so far. 
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The vacuum pump works entirely automatically! by the device 
J. This consists of a copper block, which can move over a polished 
surface, so that two positions are possible, namely to the lef 
and to the right against the cams Y’ and Y”. In the block, two 
canals R, and R, are bored. The base also has two perforations 
and hence in the left position the two canals are connected with 
one another in the base via R,; while in the right position one of 
the canals is shut off in the base, the other one being connected 


with the open air via R,. Furthermore, two iron cores are attached 
to the block and are actuated by solenoids. The motion. of the 
mercury is brought about by compressed air. In the designed 
position of the block, the compressed air presses the mercury 
upwards via canal R, from the Woulf-flask ; in the other position 
of the block the compressed air is shut off and the air can flow 


1 J. N. Perquin, Chemisch Weekbiad, 24, 321 (1927). 
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from the Woulf-flask by the same tube and then via R, into the 
open air, this causing the falling of the mercury. Two current- 
circuits may be distinguished. Pole b of the current source remains 
in connection all the time with the mercury in the Woulf-flask ; 
first of all a is connected via the right solenoid with the contact 
R in the upper part of the vertical tube, (the closing of this 
circuit occurs by the rising of the mercury in Q) and secondly 
via the left solenoid with the contact T in the upper part of the 
Woulf-flask (this circuit is closed by the rising of the mercury-level 
in H). The contact R is vertically removable, by which the 
duration of the press-period may be regulated. 

If R is placed too high, the mercury from K flows over into vessel 
F in the end, making contact via the mercury in F and N. If there 
is gas in the pump, which is not needed for the test, it may be 
pumped directly via U into the open air by turning cock G through 
180°. The quantity of mercury in the Woulf-flask should always 
remain constant ; if mercury from K flows over into F, it may run 
back via cock 7 and tube RR, which are connected by a rubber 
tube, into the Woulf-flask via valve W. Finally there are two 
buttons (I and Ii) by which the two current-circuits mentioned 
may be closed at any given moment. The temperature range 
327° and 370° was examined, while a separate investigation at 306° 
(heated in the vapor of boiling benzophenone) was carried out at 
which heating took place over a period of 64 hours in a closed 
glass tube, evacuated before the experiment. The refraction, like 
the molecular weight, remained unchanged, a result of 413 for the 
latter being obtained. The heating was not carried out continuously, 
as the same temperature could only be maintained for eight hours 
at a stretch. 

For the remaining tests, the quantity of the distillate obtained 
was determined as well as the bromine-addition in CCl, medium 
(McIlhiney’s method). The setting-point of the residue left in 
the flask determined (Shukoff’s method), the bromine-addition 
(as mentioned above), as well as the refractions for the C, D, F 
and G lines and in a few cases the specific gravity. With the 
same apparatus the volume of gas obtained could be measured. 

For each test 118-8 grams of Rangoon-paraffin were used. Mole- 
cular weight of the raw material according to Rast—410 (this is 
not exactly the same raw material as used with the test at 306°), 
bromine-addition-O0 per cent. of weight, specific gravity 70°/4° : 
0,7744, setting-point (Shukoff) 58-0° C. In the table a survey is 
given of the determinations carried out. In the first place it will 
be seen that the refraction of the residues does not undergo any 
change, but there is already an important change at 360° /20 hours, 
no less than 369 cubic centimetres of gas were obtained, the average 


eVice 
4 
ished 
left 
tions 
with 
ne of Pat 
octed 
~ 
s 
hed 
ned 
tion 
low 


326 WATERMAN, PERQUIN AND WESTEN: PARAFFIN WAX. 


molecular weight of the residue being lowered to 370, and with 
about 40 hours, more than 3 grams of distillate were obtained. 
This distillate is not only strongly unsaturated, as appears from 
the large addition of bromine, but the solid residue is already 
capable of bromine addition. It appeared that the gases always 
contained considerable quantities of unsaturated hydrocarbons, 
reactive to bromine. The lowering of the setting-point of the 
residue by about 4 degrees indicates an important change. The 
fact that the absolute value of the refraction with sample VI 
remains constant, notwithstanding the presence of unsaturated 
hydrocarbons (apparent from the bromine value of the residue) 
might be explained by the lowering of the average molecular 
weight, by which, increase of refraction may be compensated. 
An analogous remark applies to the specific gravity of the residue, 
which changed comparatively little. It would appear that the 
molecular refraction of the starting material does not differ very 
much from the value calculated from the atomic-refraction. The 
lowering of the molecular refractions of the residues of test II and 
test VII is paralleled by the lowering in molecular weight. 

It is intended to define the nature of the reaction-products by 
fractional distillation. The experiments have given the impression 
that the decomposition of paraffin-wax only occurs after a very 
prolonged heating (20 hours) at 360°C. Paraffin is not absolutely 
thermo-resistant at lower temperatures, as appears from the 
lowering of the setting point by nearly 1° after heating for 16 
hours at 327° C. 


SuMMARY. 


1. The method of determination of molecular weight by Rast, 
determining the lowering of melting-point of camphor, was further 
investigated and improved. 

2. The method was applied to paraffin-wax and cracking— 
and Berginisation-residues obtained from it. It was found that 
the molecular weight of these residues is considerably lower than 
that of the starting material (paraffin-wax). This generally indicates 
a decomposition of the paraffin-wax. 

3. The specific gravity of the cracking-residues is higher than 
that obtained by Berginisation on account of the nature of the 
cracking-residues being different from that of the Berginisation- 
residues. The cracking-residues are probably of a more cyclic 
character. 

4. It was pointed out that the paraffin-wax at temperatures 
up to 370° is relatively thermo-resistant. Heating for 10 hours 
at 370° leads to a lowering in average molecular weight of 410 to 


v 


360, wh 
distillate 
Heating 
change. 
point of 


Delft, 
Uni 


WATERMAE, PERQUIN AND WESTEN: PARAFFIN WAX. 327 


360, while the gases which developed, as well as the low-boiling 
distillate and the residues contain unsaturated hydrocarbons. 
Heating during a number of hours at 327° and 340° gives hardly any 
change. The development of gas is small, whereas the setting- 
point of the residue is lowered by 1°. 


Delft, Laboratory for Chemical Technology of the Technical 
University. 
March 1928. 
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The Extraction and Refining of Paraffin Wax.* 
W. (AssoctateE MEMBER). 


Tne objects in extracting wax from oil are its commercial value 
and a reduction of the setting point of lubricating stocks. The 
most common process is the pressing of a cracked distillate. 

Distillation is important and, if possible, the paraffin distillate 
should be re-distilled before pressing. Such distillation should 
be carried out fairly rapidly, using as little steam as possible. 

The refrigerating machines are usually of the ammonia absorption 
type and the chillers, either horizontal or vertical, generally use 
calcium chloride brine as a chilling medium. 

The paraffin distillate is chilled to the desired temperature and 
fed to the filter presses, the rate of increase in pressure being kept 
slow and constant. After the removal of the pressure, the press 
is opened and the scale conveyed to the melters. 

The molten wax is then run into the trays of the sweating plant 


and, when set sufficiently, sweating is commenced. Sweating is 
continued until the required temperature is reached, when the 
wax is pumped to receivers for treatment. 

The sweated wax is then subjected to a refining process and graded 
according to its melting point. 

Refined wax should be translucent, water white, free from mot- 
tling, odourless and tasteless, and should not be crumbly or flakey. 


* Précis of paper read before the Persian Branch of the Institution of 
Petroleum Technologists. 
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Centrifugal Pumps and Pipe-Lines.* 
By A. C. Vivian, A.M.Inst.C.E, 


Under this broad heading the author describes in detail, and 
with specific examples, some of the main characteristics of cen- 
trifugal pumps. This type of pump has been generally assumed 
to be of limited functions, particularly with regard to the suction 
side. The author, however, disposes of this erroneous assumption, 
and by tests on actual pumps shows the capacity of the centrifugal 
pump for self-adjustment in dealing with widely varying conditions 
of quality and pressure, whilst maintaining practically the same 
efficiency. 

The factor of viscosity is treated rather lightly, and the effect of 
the specific gravity of the liquid to be pumped is not dealt with. 
Presumably it has been assumed, and as is, of course, the case, 
that the viscosity and specific gravity factors apply equally in the 
case of the centrifugal pump with relation to friction and static 
head as with other types of pump. In his comments on pipe-lines 
of considerable length and the relative pumping machinery, the 
author concludes as follows :—‘‘ The conclusion, however, is offered 
that the capital cost of a pumping set for long lines is relatively 
unimportant, but that the efficiency of the pipe-line considered as 
a whole in conjunction with the pumping set is all important.” 

It is obvious that this latter statement requires some qualification, 
as there are many other factors to be considered in arriving at a 
decision for any particular pipe-line. 

In those cases where the ultimate requirements can be clearly 
defined, it may be the more economic course to incur the heavier 
initial cost of a larger pipe-line and reduce the pumping plant in 
size and number of stations. The annual contingent charges are 
frequently much larger than the running cost, and the total annual 
charge represents the interest on a comparatively large capital sum. 

On the other hand, where the ultimate capacity is indeterminate 
or more flexibility of operation is required, the installation of 
boosting stations at various points in the line is undoubtedly to be 
preferred, and in the majority of cases the centrifugal pump is for 
this purpose the more efficient. C. D. 


* Read before the Persian Branch of the Institution of Petroleum Tech- 
nologists. 
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The Behaviour of Emba Crude Oil in the Refinery.* 
By Ewatp 
I,— DISTILLATION AND CONCENTRATION. 


In a former paper (“ Mineral oil as lubricating medium for the 
modern explosion-motor,” Petroleum, Vol. 21, No. 32, Vienna. 
Berlin, 1925) the advantage of the lubricating oils derived from 
the Emba crude oils were emphasized. It was shown that the 
finest lubricating oil in the world can be prepared from the Emba 
crude, a fact that depends upon the peculiar nature of this oil. 
At Emba, as is generally the case in oil-fields, different kinds of 
crude oil are obtained which can behave quite differently in the 
refinery according to their nature. Since the author of this 
paper was the only person who was permitted to study closely the 
different Emba crude oils in regard to their behaviour in the 
refinery it would seem desirable both from the theoretical and 
also the practical point of view to set forth his experiences. 


In this manner the knowledge gained of the Emba crude oils 
at the commencement of the work will also be utilized for the 
further study of the working up of this oil. 


As is generally the case, we find also in the wells at Emba, light, 
medium, and heavy oils yielded. Hereafter these Emba crude oils 
are classed as follows: 


Light oils. Sp. gr. 0-845 to 0-885 at 15°C. 
Medium gravity oils ” 0-885 to 0-898, 
Heavy cils 0-898 to 0-904 


Between 1911 and 1919 the following crude oils were obtained 
in the Emba field, and by ordinary distillation with Glinolly’s 
dephlegmator the results obtained were: 

On the table shown, the gasoline content of the light Emba crude 
varies between 0°26 and 7 per cent. The kerosine output of the 
Emba crudes investigated is given in the summary below. 


*Paper received Jan. 27th, 1928. Translated from the German by J. E, 
Marshall Hall. 
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Taste I, 


Distillate. 


Mazout or residue 


150° C. to 270° C. 


270° C. to 285° C, 


Sp. gr. 


Sp. gr. 


Flash point. 


Viscosity. 
(Engler) 


Brenken | Pensky 
Martens 


100° C. 


1. Dossor, Gusher Oil, Oct. 14, 1911 .. 
2. Makat, Emba Caspian Co., Well No. 2, 
Plot 1. 

3. Dossor, Gusher Oil, Plot 4 .. 
4. Makat, Emba Caspian Naphtha Co., 
Well No. 1, Plot 4 
5. Makat, Emba Caspian Co., Well No. 
104, Plot 61 ‘ 
6. Emba, Light Crude Oil 
7. Iskene, I. G. Stahijeff, Sha No. 8.. 
8. Dossor, Well No. 1, 16 fathoms ~~ 
9. Makat, 686 feet depth 
10. Iskene, I, G. Stahijeff, Shaft No. 1 
1l. Iskene, I. G. —- Well No. 5, 
overflow . . oe 


0-8251 


0-8480 
0-8569 


0-8665 


0-8622 
0-8289 
0-8291 
0-8485 
0-8659 
0-8354 


0-8512 


0-8568 


0-8602 
0-8715 


0-8768 


0-8728 
0-8616 
0-8469 
0-8693 
0-8743 
0-8433 


0-8644 


r the 
from 
t the 
ds of Sp. Gr ° 
n the at15°C.| Upto 150°C Asphalt | Setting 
y the % Sp. gr. % m7 % m7 50°C. | 7 . 
and 0-8690 2-04 23-94 | 5-4 68-49 | 0-8896 135 3-6 —20 
0-8746 0-26 a 16-15 | | 5-0 | 78-38 | 0-8807 158 144 2-78 1-39 5-8 —20 i 
0-8818 7-00 0-8414 | 27-31 14-84 50-40 | 0-8998 184 — —20 
' the 0-9010 1-25 0-8497 10-39 | 7 3-30 | HE 85-34 | 0-9025 163 154 5-81 1-65 11-6 —20 
" 0-9038 1-00 0-8413 10-50 6-50 81-70 | 0-9073 154 138 6-76 1-74 18-6 —20 
ight, 0-8714 0-51 07656 | 27-54 8-23 63-18 | 0-8909 —20 
oils 0-8783 1-8 18-7 7-5 71-8 0-8820 —20 
0-8890 0-9 19-6 7-9 71-9 0-9026 165 149 5-6 —20 
0-8980 0-3 0-8657 7-0 5-2 87-4 0-9015 11-6 —20 
0-8953 1-0 3-6 4:8 90-1 0-8945 178 —20 
0-9036 0-2 13-0 6-7 | «(880-0 0-9136 172 153 —20 
‘ined 
slly’s 
OF 
rude Vow 
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Taste II, 
Content of distilled kerosine. 


Sp. gr. Flash point, 
0-8251 30° C. 
0-8264 28-2°C, 
0-8621 .. Over 50°C. 
0-8289 40°C. 
0-8343 an 
0-8544 40°C. 
0-8400 
0-8559 — 


As seen in the table the kerosine content of the light and 
middle gravity Emba crude oils varies within wide limits from 1-8 
to 27°5 per cent., and in the heavy Emba crudes rises to 20 per 
cent. The naphthenic acid content of the Emba kerosine distillate 
varies between 0°2 and 1:27 per cent. The acid figure of kerosine 
naphthenic acid amounts to an average of 242°4. The distillate 
is refined in the usual manner, the refined Emba kerosine having an 
agreeable smell and being equal in value to the best kerosine from 
Baku. 

Concerning the mazout after distilling off the gasoline and 
kerosine, its solidification point is particularly low. According 
to this the mazout of Emba crude oil may be regarded as free from 
paraffin. This is, in fact, the case, as Emba crude oil contains 
practically no paraffin. For instance, the oil from Makat, borehole 
2, plot I., yielded only 0°24 per cent. of paraffin (according to 
Zaloziecki) and in that from the crude oil of the Emba Caspian 
firm, Makat, borehole 4, plot 61, only 0-09 per cent. was found. 
The other properties of the last named crude oil were as follows : 
Spec. grav. 0°9008 at 15°C., flash point 115°C., viscosity 4°74 
(Engler) at 50°C. and asphalt cgntent 8-5 per cent. according to 
the Akzise method. 

Although the Emba crudes are practically free from paraffin 
yet in actual operation lubricating oil distillates very stable in 
cold can be obtained. This only happens in cases in which the 
mazout of the Emba crude is correctly distilled—ie. by one 
of the stock distillation methods specially designed for it. The 
Baku crudes, when processed can, under certain circumstances, 
lead to quite surprising results. 

What has been said will best be illustrated by the following 
distillation researches from the large Cassel laboratory. 

Z2 
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Nos. ac- Emba crude .. 
cording oil. 
to Table I. Sp. gr. % 
©8690 .. 23-94 g 
©8746 .. 181. 
©8818 .. 4215 .. 
©8783 .. 2620... 
08800 .. 2750. 
08953... 840. 
09036 .. 19-70 -.. 
ie 
= 


PYHALA: EMBA CRUDE OIL. 


Tasxe III. 
t 
(a) Distillation of Emba crude oil of the Ural Caspian Naphtha as tl 
Company—borehole No. 1, plot 4—an earlier. shipment than the woul 
test No. 4 in Table I—Spec. grav. 0°8986 at 15°C. paraffin on d 
content 0°05 per cent. according to Zaloziecki. soug 
These distillations were collected and examined in nearly equal proce 
fractions by volume and the following results were obtained. alrea 
Yield Sp. gr. Flash point Vi it le: Setti 
Fraction at ise C. (Brenken) 50° C. paint 
1 10-35 0-8738 om 
2 10-00 0-8874 one 
3 9-65 0-8819 — 
4 8-05 0-8920 154 1-81 oa — 
5 8-00 0-8970 178 2-33 _ ann 
6 8-40 0-9012 200 3-51 — —17 Keros 
7 8-05 0-9021 216 6-02 15 — 
8 8-60 0-9046 222 10-11 _- --17 Machi 
yg 7-18 0-9064 228 12-93 2-1 —16 Cyline 
Residue 19-25 0-9287 318 os 8-74 —10 Tar 
Loss 2-47 om pis Rens. 
(6) Distillation of Emba crude from Makat-Emba-Caspian Co., 
borehole No. 104, plot 61. Sp. gr. 0-9014 gave the following 
results :-— 
2 10-85 0-8764 ems ome Keroe 
3 9-80 0-8809 Machi 
4 10-50 0-8863 — 1-48 
5 10-50 0-8938 178 2-13 
6 8-25 0-9004 191 3-04 Cyline 
7 7°15 0-9046 212 6-14 
8 8-25 0-9064 228 9-20 1-9 -15 ll 
9 7-70 0-9129 236 11-19 2-0 -11 
Residue 13-85 0-9510 344 — 984 preve 
(c) Distillation of Emba crude from Makat of firm Emba Co., the 1 
borehole 2, plot 1. Sp. gr. 0-8931 at 15° C., paraffin content So 
0-27 per cent. (according to Zaloziecki) gave the following results :— he 
1 10-10 0-8475 = on 
2 9-80 0-8582 ong 
3 10-10 0-8664 — A 
6 10-10 0-8792 174 2-06 
7 9-00 0-8797 192 2-84 — -16 crude 
8 10-00 0-8800 209 3-05 — —10 can | 
9 6-62 0-8802 215 6-20 ~ 6 the 5 
Residue 12-50 0-8923 292 = 3-49 10 1 
Loss 1-43 — can 
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These distillations show that the stability to cold (“ cold test ”’) 
of the lubricating oil distillate has not fallen to so low a point 
as the exceptionally low quantity of paraffin content in the crude 
would lead us to expect. Such a behaviour of the Emba crude 
on distillation must have as its cause something which is to be 
sought in the peculiar character of these crudes. For the distilling 
process it is of very great importance to know the reason for this 
already mentioned behaviour of the Emba crudes, in order to 


Taste IV. 


Distillation of 200,000 poods. 
Flash | point. 
Distillate. Yield. Sp. gr. \Viscosity Setting 
% Brenken Pensky- Engler at point. 
Martens. 50° C, 


Kerosine 


Machine oil . 0- 6- +0 
Cylinder oil . oe 3-7 00-8959 216 181 8-91 —10 
Tar .. ee 11-7 O9174 296 51-37 

ee ee ee 2-4 


Laboratory distillation (Pyhala). 
Flash point. 


Distillate. Yield. Sp. gr. \Viscosity Setting 
% Brenken Pensky- Engler at point. 
Martens. 50°C. 


222 


6-39 


below 
—20°C 


Machine oil 0-8946 
Cylinder oil 6-50 0-9001 242 — 1-40 below 


Tar ee 12-10 0-9195 316 74-7 
prevent this effect, and produce lubricating distillates of very 
low setting point, conformable to the very low setting point of 
the mazout concerned. 

So far as the other properties of the Emba crudes are concerned 
it appears that these distillates have a low specific gravity, a high 
flash point, and good viscosity value, properties which indicate 
the exceptionally high quality of these lubricating distillates. 
The properties of the Emba lubricating oil distillates in general, 
taking into consideration the very low setting point of the starting 
product, the mazout, should above all indicate that from these 
crudes the very finest lubricating oils with very low setting points 
can be produced, if the already mentioned disadvantage regarding 
the raising of the setting point of the lubricating oil distillate 
can be obviated. 
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It has been shown that by the usual stock methods of dis. 
tillation in the Cassel laboratory no good setting points could 
be obtained. That one also cannot obtain better results in the 
distilling process is shown by the distillation results of a quantity 
of 200,000 poods of Emba mazout. Most remarkable is the fact 
that this same mazout distilled by Pyhala gave entirely different 
results, and such as were in complete harmony with the properties 
of the mazout. 

The behaviour of the Emba mazout when distilled in November, 
1917, in a Nobel battery, and in the laboratory under Pyhala, 
will be considered more closely below. 

The Emba mazout treated had the following properties: Sp. gr. 
0-8843 at 15° C., flash point, 136° C. (Brenken) or 113° C. (by 
Pensky Martens); viscosity, 2-4° Engler at 50° C.; paraffin 
content, 0-165 per cent. (Zaloziecki) (melting point of the paraffin, 
56° C.); asphalt content, 10 per cent. by the Akzise method. 

The results of both distillations are given in Table IV. 

Table IV. shows that the distillation results of the same Emba 
mazout as regards the properties of the lubricating oils obtained 
are quite different. 

If the initial mazout was found to contain 10 per cent. of asphalt 
by the Akzise method and the two distillations gave 11-7 and 
12°10 of tar or residue, it is readily seen that the said Mazout 
had all its oil contents expelled in both these distillations. 

We see, however, that the results differ widely from each other. 
Even in the specific gravities we note a certain distinction, which 
becomes plainer still in the flash point determined by the Brenken 
and Pensky-Martens methods, and which in the setting points 
attains its greatest divergency. 

We might even imagine that the lubricating oils, and especially 
the machine oils, could not be derived from the same Mazout. 
We find, for instance, that the machine oil distillate from one 
distillation sets at +0° C., whilst that of Pyhala’s laboratory 
process remains still solid below —20° C. Specially noteworthy 
is the fact that the cylinder oil distillate shows a setting point 
10° C. lower than the corresponding machine oil. This last men- 
tioned behaviour shows us that from a paraffin crude oil it cannot 
be said what exactly from the small paraffin content of 0-165 
per cent. of the mazout will be obtained in confirmation. 

The reason for the above described behaviour is worthy of 
a special technical process consideration, which should also be 
of certain theoretical interest. 

For this purpose a central dephlegmator, comprised of thirty-seven 
boilers of the Nobel system of battery distillation, was used for 
tests. The results are shown in Table V. 
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If the properties of the distillates from the stock methods 
employed for the Baku crude oils are examined, it is found that 
the flash-point differences between the Brenken and Pensky-Martens 
methods for the lubricating-oil distillates proper are abnormally 
high and that the flash-point in general for the Emba distillates 
seems too low, especially for those of higher viscosity. 

This must be an indication that during the distillation in 
corresponding boilers decompositions have occurred and that the 
lowering of the flash-point is to be explained by these decomposition 

oducts. 

From the table it is seen that the decomposition begins in 
boiler No. 7, and attains its maximum in boilers 9 and 10, decreases 
in boilers 11, 12 and 13 gradually, so that the distillation in the last 
three boilers is nearly proceeding normally. If we also take into 
consideration that the decompositions in the distillates of the 
machine oil are most noticeable, but also. that there are traces of 
decomposition in the distillates of the first boilers of the lubricating 
oil series, it would appear very possible that there is overheating 
of the mazout, even in the boilers that are employed in the kerosine 
series. 

This supposition seems justified, because in the mazout in 
question, treated by Pyhala in his laboratory, no kerosine has been 
produced, whilst in the stock process quite a quantity, amounting 
to 13°8 per cent., is formed. 

It is evident that this overheating, even present in the kerosine 
series, has produced corresponding decomposition products of 
varied character, which have reacted not only upon the flash-point, 
but also on the viscosity and the setting-point. The viscosity is 
lowered by the decomposition products in proportion to their 
quantity present in the distillate. In order to make clear the 
importance of this action, the machine-oil and cylinder-oil distillate 
at 180° C. to 200° C. were treated with super-heated steam for 
two hours. 

By this means the decomposition products were carried off by 
the steam and collected separately. 

The properties of these decomposition products of the distillate 
treated in this manner were determined. The results obtained 
are shown in Table VI. 

As shown in the table, the decomposition products were* 
successfully removed by superheated steam. They consist of 
unsaturated, lightly viscose oils with low flash-points, and were 
measured by their iodine figures. The distillates, when these 
were removed, showed higher viscosity and higher flash-points, 
and show iodine figures from which they may be considered as 
normally good lubricating-oil distillates. It is specially noticeable 
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Lubricating oil boilers. 


» .| 16 | Dephl 0-8695 | 122 | 119 3 | 140) — 
17 08725} 136 | 128 | 142} — 
83] 18 08757| 144 | 138 eimai — 
33] 19 » 152 | 147 5 1170) — 
*< 20 » 08801] 158 151 712731 — 
1 | Dephl. I| 0-8838] 168 | 158 | 10 | 212] — 
2 » 176 | 167 9 |} 219} — 
2 » 158 | 150 s i172) — 
1—2 0-8869 | 178 | 173 5 | 240] — 
3 | Dephi. I} 0-8887] 192 | 184 8s | 290} — 
3 » IL| ossss| 174 | 168 6 | 210) — 
5 » 08908] 200 | 189 | 11 | 339} 
5 It] ossse| 186 | 170 | 16 | 132) 
6 » I] 08926] 198 | 168 | 30 | 246) — 
6 » IL] 08911] 204 | 174 | 30 | 400] — 
6 08908} 190 | 184 6 | — 
7 » I] 08930] 216 | 158 | 58 | 474] — 
7 » IL] 08933] 212 | 176 | 36 | 474] ~— 
8 » | 08952] 220 | 203 | 15 | 4-74 Bolid at 
-11°C. 
8 » It} 08936] 196 | 139 | 57 | 303) — 
9 » I] 08954] 222 | 170 | 52 | 500) ~— 
9 » IL] 08937] 192 | 113 | 79 | 5-00 Solid et 
10 » I] 08939] 198 | 158 | 40 | 445] — 
10 » It] 08931] 188 | 116 | 72 | 484] — 
Il » I] 08959] 186 | 131 | 59 | 5-71 |Solidat 
i—14°C 
11 » IL} 08943] 194 | 147 | 47 | 628] — 
12 » I] 08933] 176 | 123 | 53 | 600) ~— 
12 » IL] 08947] 198 | 145 | 53 | 606) — 
13 » I] 08954] 198 | 147 | 51 | 590) — 
13 » 08972] 218 | 184 | 34 | 7-37) 
14 I| 08953} 190 | 171 19 | 7-0 |Solid at 
+0°C 
III | o-8s93 | 162 | 123 | 39 | 2-7 in 
II | 08980 | 150 | 108 | 42 | &7 
I| 0-8979 | 236 | 208 | 28 | 84 = 
0-8670 | 112 | 108 4 | 14 a= 
. I] 08979 | 230 | 206 | 24 | 84 
I| o-s962| 204 | 157 | 47 | 7-3 oa 
II | 0-8976 | 228 | 197 | 31 | 855} — 
III | 0-8979 | 240 | 221 19 | 907| — 
I| 08943] 170 | 147 | 23 | 62 on 
II | 0-8956| 206 | 173 | 33 | 7-8 = 
0-9174 | 296 on — 151-37) — 


numbers (Hiibl and Waller) of the 


ry notable fluorescence like that of 
machine oil distillates from boilers Nos. 8 to 14 was 5°06. 


The colour of the distillates had ve 
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the Balakhani crude. 
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336 Taste V. 
From 
dephleg- Flash point. Vis- 
Boiler mator and| Sp. gr. }—————_,-———- cosity,| Setting 
No. condensa- at Bren- |Pensky- Engler} point, |Remarks 
tion 15° C, ken. |Martens| Diff. at 
centre of °C. 150°C. that 
boiler. Bren 
desir 
yield 
It 
— © of th 
Sir 
mazo 
—20 
mazo 
of th 
on th 
be ta 
It 
crud 
Pre 
Sp. gr 
Visco: 
at 
Todine 
(Habl 
Flash. 
Bre 
Per 
to th 
crude 
the : 
lowe! 
cylin 
Sir 
form: 
const 
27% Oil a 
| ar Paraffin 
0-8930 | 194 126 58 | 6-31 | | 0-1% deco1 
ceresine, It 
m.pt. 
72-5° C cause 
0-8959 | 216 181 35 8-91 [Solid at was 
the 1 
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that the difference between the flash-points according to the 
Brenken and the Pensky-Martens methods are only from 2° C. 
to 0° C. This should prove of great value in practice in case one 
desires lubricating oils with the highest flash-points, the different 
yields behaving alike. 

It should prove of particular significance that the setting-point 
of the distillates produced fell so low. 

Since by Pyhala’s distillation method in the laboratory the same 
mazout yielded machine oil distillate with setting-point far below 
—20°C., one can produce cold-resisting oil, especially since the 
mazout is practically free from paraffin. The high setting-point 
of the machine-oil distillate, namely +0° C., appears inexplicable, 
on the grounds mentioned above, even if the decomposition reaction 
be taken into account. 

It is generally known that the paraffin of paraffin-base 
crude oils raises the setting-point of the distillates. But, according 


Taste VI. 


Machine Decom- Treated Cylinder Decom- 
oil, position distillate, oil, position Treated 
untreated, product, 93-2°% untreated, product, distillate, 


Properties. 100% 100% 848% 
Sp. gr. at 15°C. 0-8930 0-8826 08960  0:8959  0-8904 0-8989 
(Eng.) 

at 50° 6-31 2-09 7-4 8-91 4-25 11-08 
Todine 

(Hiibl & Waller) 5-06 10-8 3-37 5-06 6-58 3-33 


oe 194° 238° 216° 256° 
Pensky Martens 126° 236° 181° 256° 


to these tables, no account can be given of a paraffin containing 
crude. This is, amongst other things, confirmed by the fact that 
the setting-point of the cylinder oil produced, viz., —10° C., is 
lower than that of the paraffin-containing crude vaseline-containing 
cylinder-oil fractions. 

Since, moreover, Zaloziecki succeeded in establishing the 
formation of paraffin by distillation from asphaltic-like, resinous 
constituents in crude oil from Lipiuki (see Dr. Héfer’s “‘ Crude 


Oil and Its Allies,” pp. 79-80, 1912), it is highly probable that we 

have to do with similar phenomena in the already described : 

decomposition phenomena. 
It was therefore of great interest to determine whether the E 

cause of the bad setting-point of this Emba machine-oil distillate es 

was caused by actual paraffin. The distillate was refined by — 


the usual method. The loss by acid treatment (3-75 per cent. of 
94 per cent. sulphuric acid) amounted to 4-38 per cent., by 
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neutralisation and washing out 3-37 per cent., or altogether 
7-75 per cent. 

On standing at the temperature of the chamber the refined oj] 
was quite turbid. 

As no moisture was present in the oil this phenomenon wag 
extremely remarkable, for machine oils setting at 0° C. usually 
remain quite clear at the temperature of the chamber. The 
cloudiness should indicate that a phenomenon hitherto unexplained 
has to be dealt with, which can also be confirmed by further research, 
conducted in the following manner. 

The cloudy oil was filtered at the laboratory temperatures, 5 per 
cent. of a vaseline-like material remaining behind on the filter. 
This was dissolved in 10 times its quantity of amyl-alcohol. Into 
this solution 96 per cent. alcohol was added in quantity 
corresponding to half that of the amyl-alcohol employed. 
Thereupon part of the machine oil separated out, which, by filtration 
of the cloudy alcoholic solution, had been left. The clear filtrate 
was allowed to stand for 24 hours over ice and filtered. Upon the 
filter a yellow vaseline-like grease was deposited. This shows 
that the supposed paraffin was not precipitated, as that is usually 
crystalline. 

Next, this yellow grease, together with the separated oily mass 
already referred to, was dissolved by warming with amyl-alcohol, 
cooled upon ice, and filtered. The flocculent whitish precipitate 
left on the filter was washed, first of all with amyl-alcohol and then 
with ethyl-alcohol, till no smell was perceived in the amyl-alcohol. 
The precipitate was transferred to a dish and then to a steam 
cupboard. In this manner 0-10 per cent. of ceresine was obtained 
from the oil, with melting-point 72-5° C. 

That this was actually ceresine was confirmed qualitatively by 
the isolation of a larger quantity. 

It may be observed that this machine-oil filtrate at the lower 
temperature of the chamber gelatinised, a token that it still 
contained ceresine-like hydrocarbon. 

As it seemed possible that the Emba mazout used might have 
contained ozokerite dissolved in it and that this had been carried 
over into the lubricating-oil distillates by the super-heated steam, 
the volatility of ozokerite in super-heated steam was tested. 

300 grammes of ozokerite (from Frebeleben), of melting- 
point 81-5° C., were distilled by superheated steam without vacuum. 
This steam was led into the melted ozokerite at 130° to 140° C. 
The first fractions began to pass over at 200° C. in the steam. 
Altogether 3500 grammes of steam at 275° C. were used. 


The results of the treatment are shown in the following table :— 
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VII. 


Yield of Melting-point, 
ceresine. Colour and other "oC. 
Temp. in steam. % phenomena. (Ubbelohde). 

290°—300° C. .. 31:0 .. Dark brown—hard .. 80:1 
From the dephlegmator . . 20 .. Yellow—hard - 68-2—68-4 
From the cooler .. . 40  .. Brown, vaseline like . 60-1—60-2 
Residue .. 150 .. Shining, black . 85-4 


The experiment shows that the ozokerite is fairly volatile with 
superheated steam, and is thereby converted into ceresine. For 
the commercial conversion of ozokerite into ceresine this is of the 
greatest possible importance. 

When we consider, however, that in the distillation of the 
mazout employed, 90 per cent. of the paraffin content remained 
as tar without any visible action upon the setting point of the 
tar, whilst the gelatinisation of the lubricating-distillate is due 
to the ceresine content, the quantity of which is 11-5 per cent. of 
the whole paraffin content of the mazout, even the fresh formation 
of ceresine being taken into account, it is quite clear that the paraffin 
content of the mazout cannot depend upon the ozokerite, for 
otherwise the ceresine content of the distillate would be much 
greater, because the 12 per cent. residue of this body would have 
yielded 85 per cent. of its whole quantity, as shown by the test 
distillations of ozokerite above given. 

It seems, therefore, more probable that, in the distillation of the 
Emba mazout mentioned, ceresin has been formed and very pos- 
sibly, as Zaloziecki has shown with the Lipinski naphtha, from 
asphaltic-like and resinous constituents which the Emba crude 
also contains. 

The formation of ceresin in this case probably depends upon 
delicate decomposition phenomena which go on in the distillation, 
as is evident since ceresin is formed in this operation, whereas in 
Pyhala’s laboratory distillation not a trace of it could be observed. 
Moreover, attention should be drawn to the fact that the distillate 
formed in Pyhala’s laboratory still remained fluid at -20° C. with. 
no trace of ceresin or paraffin. The last named behaviour is also a 
proof that the mazout employed can have contained no dissolved 
ozokerite. 

What has been stated of the laboratory method and of the 
works method—namely, that the Emba crude by methods of dis- 
tillation used for the Baku crudes never yields lubricating oil 
resistant to setting by cold—shows without doubt that the distilla- 
tion of the Emba crude must be carried out by means adapted to 
the nature of this crude ; that is, according to a special distillation 
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method such that the distillate obtained shall have the properties 
of the original material such as the cold-resisting power in fullest 
measure. 

(The above is one of the most important factors in explaining the 
behaviour of the Emba crude oil in the works method, in case first-clay 
highly valuable lubricating oil is to be generated.) 

The physical properties of the Emba crude are in general, as we 
have seen, very favourable for the production of exceptionally 
good lubricating oil. This may be seen from the following pro. 
perties of Emba oil (Table viii) : 

From the properties of the Emba crude oil given in the above 
table it is evident that we have to deal here with special oils, typical 
for the preparation of lubricating oils. The flash-point is fairly 
high, the asphalt content small, the setting-point excellent, and 
the viscosity corresponding to that of machine lubricating oils, 
The viscosities at 0° C. and at 50° C. point to an exponential vis. 
cosity series at corresponding temperatures, a property only 
found in crude oils free from paraffin. In point of fact, these 
crudes are practically free from paraffin, which is best shown by 
their paraffin-content determined by Zaloziecki. There seems a 
good possibility that these crude oils, even without distillation, 
would furnish lubricating oil, a circumstance of great economic 
importance technically. The said crudes should be treated with 
superheated steam at 180° C. to 200° C., so as to expel the easily 
inflammable hydrocarbons, as was shown above. This crude oil, 
steam-treated, is subjected to a chemical refining process with 
sulphuric acid to remove asphalt. The crude oil treated thus with 
steam and acid should then, as in America, undergo a bleaching 
process (filtration through floridine, silica gel, etc.), yielding thus 
a more or less clear machine lubricating oil. 

By concentration in the usual Baku process clear, highly valuable 
steam cylinder or motor cylinder oil could be formed. The pro- 
position of such a technical treatment rests not only upon economic 
grounds but also that the lubricating oil obtained would possess an 
extraordinary low setting-point. Since by the usual distillation 
process very light decomposition phenomena can occur as des- 
cribed, which not only affect the setting-point but also originate 
bodies very difficult to remove; whilst by the process above 
mentioned these phenomena do not occur, the technical advantage 
of the latter are evident. 

It is moreover clear that the Emba crude oil, by chemical refining 
and concentration, could be worked up into valuable cylinder oil. 
It should be remarked here that the asphalt content should be 
lowered to 0 per cent. by the sulphuric acid refining. 

In making the valuable cylinder oil, of flash-point from 300° to 
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Taste VIII. 
Properties of certain Emba crude oils. 


Flash-point Viscosity (Engler). 
Asphalt | Paraffin | setting 
p- gr. at content 
Ponsky- content. aloziecki) 
Martens 
°C, 
Emba Co., Well No.2. .. as os ee 0-8731 98 88 16-0 2-04 2-0 0-24 
13. Ural Caspian Naphtha Co., Well No. 2 - 0-8962 108 94 50-12 3-40 5-5 —_ — 20 
14. Ural Caspian Naphtha Co., Well No. 1, Plot 4 0-8973 124 — _- 3-77 6-75 0-05 —20 
15. Emba Caspian Co., Makat Well No. 4, Plot 61 0-9008 115 _ “= 4-74 8-50 0-09 —20 
16. Emba Caspian Co., Well No. 104 ee ee 0-9025 122 114 110-3 4-98 12-50 — —20 
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° ©., the refined acid crude oil need not be neutralised, since 
he sulphuric acid compounds which the product contains will be 
friven off during the concentration mixed with the superheated 
steam, so that a residue-free neutral concentrate will be obtained 
s shown by the experimental data given in Table IX. As a gauge 
or the concentration, the viscosity serves and also the flash-point. 

The distillate formed by the concentration can, by the usual 
methods as for lubricating oil, be estimated for its properties. The 
ion of the sulphuric acid upon the last named Emba crude is 
shown by the following experiments. 
The sequence of oils indicated in Table VIII. were refined, 
sing various quantities of sulphuric acid, and the results below 
ere obtained. 
As seen from the table, research shows that the Emba crude 
an be refined by fuming sulphuric acid to asphalt-free products. 
he circumstance is very interesting that the refined crude at 
)° C. has a distinctly higher viscosity than in the unrefined state, 
whilst the viscosity at 50°C. shows no difference to the product 
oncerned. This behaviour suggests that from the sulphuric acid 
reatment certain changes occur in the hydrocarbons of this crude, 
which first find expression by viscosity at low temperature. What 


of the refining process of the Emba machine-oils. 


REFINING OF THE DISTILLATE. 


As raw material for the usual production of lubricating oils 
the Emba mazout occupies an important place. As regards the 
crude oil from which the mazout is obtained, light or heavy is 
adapted according to the lubricating oil prepared. The properties 
of the mazout of the Emba crude are seen in Table I. The 
asphalt content of these mazouts fluctuates between 3 and 20 per 
cent., though in some it reaches 24 per cent. In the latter case 
the iodine figure of the mazout is 9-43, but may reach 11-87 in 

other cases (according to Hiithl and Waller). 

In general the iodine figure is about 6-0, according to H. and W. 
This rather large iodine figure of the mazout points to a definite 
content of unsaturated hydrocarbons. It is quite probable that 
these hydrocarbons in the refining of the crude with sulphuric 
acid form combination in the form of sulphurous acid esters 
whose presence is indicated by a very high viscosity of the acid 
crude oil at low temperatures. As this is not to be observed at 
50° C. it is very possible that these esters are of very unstable 
constitution, and consequently decompose, leaving the corresponding 
unsaturated hydrocarbons once more in the oil. From this the 
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inference can be drawn that their combinations can act on th 
refining process in some manner or impart certain particularly 
undesirable characters to the refined product. 

This, in the case of the Emba lubricating oils, is doubtless the 
case. Thus, for instance, the stock refining processes of the Baky 
oils form machine oils unsuitable for the lubrication of steam 
turbines ; even in admixture with the best Baku oils no serviceable 
turbine oils are obtained. These oils in steam turbines are y 
easily oxidized by the steam and air, forming viscous and stable 
emulsions, in consequence of which the largest machines can be 
brought to a standstill. Also with transformer and switch oils 
the disturbing actions mentioned of the unsaturated compounds 
become of importance, and so forth. 

The sulphur content of the Emba crude fluctuates between 
0-151 per cent. and 0-275 per cent., calculated by Engler’s method, 
corresponding with 0-292 to 0-318 per cent. by Graefe’s method 
and 0-280 to 0-431 per cent. by Lidow’s method. 

On distillation there is usually no particular smell of sulphuretted 
hydrogen to be remarked ; but still there are some exceptions. 
For instance, on distilling Emba crude test No. 7, Table I. a 
strong smell of the above gas was noted. 

According to Pyhala’s distillation process exceptionally good 
lubricating oil distillates of low-setting point can be produced 
without difficulty. The unsaturated hydrocarbons already referred 
to, which are in the distillate, are taken into consideration, leading 
us to suspect that the refining of the lubricating oil distillates must 
be a special one according in character. The usual refining process 
for Baku oil cannot therefore be appropriate for the Emba machine 
oil distillate. The fact that the Emba lubricating oil distillates 
require a peculiar refining process is the second of the most important 
factors due to the behaviour of Emba crude in the works practice. 

As seen from Tables III. and IV. the Emba crudes yield from 
12 to 25 per cent. of machine-oil distillate with a viscosity from 
5 to 6-5 Engler degrees (at 50°C.). The specific gravity of these 
machine-oil distillates varies between 0-885 and 0-895 (at 15° C.). 
The flash point is from 210° C. to 230°C. Brenken. The output 
of cylinder oil distillate varies from 3 to 13 per cent. of sp. gr. 
0-900 to 0-906 ; flash point 242° to 264° C. ; viscosity 11.5° to 22-0° 
Engler. As regards the naphthenic acid content of the viscous 
Emba crude distillates this is rather variable. In the kerosine 
distillate it varies between 0-2 and 0-3 per cent. The acid number 
of the technical naphthenic acids amounts to 242-4. The naphthenic 
acid content of the vaseline-oil and solar-oil distillate varies between 
0-9 and 2-0 per cent., and in the case of spindle-oil and machine- 
oil distillates from 2-3 to 3-28 per cent. 
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Taste IX. 
Sulphuric acid refining. Properties of acid refined crude. Concentration properties of concentrates. 


Viscosity Flash- Viscosity 
Strength q . Br. (Engler). Asphalt.| i Sp. gr. point (Engler). . Remarks on 

% | at 15° C.| (Brenken). concentrates. 
0° Cc. 50° C. 


0° c. 50° C. 


0-8824 196 
22-3 2-04 0-8840 220 Normal. 


0-8917 246 

0-8979 3-50 0-9064 206 Normal. 
159-2 0-9271 296 Distillates form strong 
emulsion with water 
not b i on 
warming. Naph- 
thenic acid content 
3-5 to 7-0%. 


Normal. 


Acidity of concen- 
trate, 0-018% asSO,. 
Ash content, 0-036% 
Naphthenic acid con- 
tent, of distillate, 2-8 
to 58%. Acidity of 
concentrate, 0-012% 
as SO,. Ash, 0-08% 
Acidity of concen- 
trate, 0-052% asSO,. 
Ash, 0-036%. 
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As seen from test No. 16 in Table 1X., the naphthenic acid 
content of the distillate can reach from 3-5 to 7-7 per cent. It 
may be noted that in the case last mentioned the distillates show 
a much lower flash point in comparison with the normal Emba 
qude distillates, and that such a crude oil is little suited to the 
production of lubricating oils. The variation of Emba crude 
oils in their chemicai composition necessitates care in the choice 
of the crude employed for the production of lubricating oils. Only 
sich Kmba crudes should be chosen for this purpose as give the 
greatest possible output of the lubricating oils and also the most 
valuable distillates, so that actually first-class lubricating oil 
may be obtained. 

This, however, necessitates a good knowledge of the crudes 
proceeding from different bore-holes, and a separate storage of 
he same for export to the different refining centres. The crudes 
pf the Emba oilfields should not be mixed together, but set apart 
yecording to their qualities for further treatment. 

Kerosine Distillate.—The specific gravity of the Emba kerosine 
istillates varies usually between 0-8230 and 0-8300, from which 
p flash point of over 40°C. (Abel-Pensky method) is obtained. 
e distillate can be refined in the usual manner by treatment 
ith 0-4 to 0-5 per cent. of 93 per cent. sulphuric acid and with 
sir admixture, after which neutralization and washing is carried 
but. Refining losses depend on the naphthenic-acid content, and 
p usually normal. 

The purified kerosine is water clear, has a high luminosity, the 
lecrease of which after burning 8 hours amounts to 0-0 to 0-36 
ber cent. 
Vaseline-oil distillate—For the production of vaseline-oil vigor- 

busly dephlegmatized solar oil fractions are chosen with certain 

properties, according to the employment of the vaseline oil. 

The specific gravity of the ordinary vaseline oils from Emba 

rude is about 0-880, the viscosity at 20° C. varies from 3.51 to ‘ 

‘85 Engler degrees, the flash point not being lower than 146°C. 

renken) or 140° (Pensky-Martens). 

By the refining of an Emba. vaseline-oil distillate of specific 

avity, 0-8821 at 15° C. with 5 per cent. of ordinary 94 per cent. 

ulphuric acid, and subsequent treatment with 10+10+10 per 

ent. fuming sulphuric acid (5 per cent. SO,) and the usual natura- 

tion and washing, the following results are obtained :— 


5% Ordinary After refining with 

sulphuric acid. 30% fuming acid. 
Sp. gr. at 15° C. és 0-8709 rr 0-8659 
Colour .. oe 10mm.Stammer. .. 100mm. Stammer 
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Another distillate gave spec. grav. 0-8797 at 15° C., flash point 
146° C. according to Brenken and 140° C. by Pensky-Martens 
method ; viscosity at 20°C. 3-51° Engler. By previous purification 
with 5 per cent. ordinary sulphuric acid and subsequent treatment 
with 7+7+7 per cent. fuming acid (5 per cent. SO,) there was 
13-7 per cent. loss of the refined oil, and in addition, 2-7 per cent. 
loss on neutralization and washing. 


Spindle-oil distillate—Spec. grav., 08918 at 15° C.; flash 
point, 190°C. by Brenken process ; viscosity at 50°C., 3-08° Engler. 
This was refined as usual at 80° C. with 3 per cent. of 93-5 per cent. 
sulphuric acid with access of air for half an hour, allowed to stand, 
neutralized and washed. The refined oil obtained had the following 
properties: spec. grav. 0-8897 at 15° C.; viscosity, at 50° C. 
2-95° Engler; colour 39mm. (Stammer). The refining loss was 
estimated at 13 per cent. 


Machine-oil distillate —By distillation of the Emba crude deriva- 
tives the machine-oil distillates were widely different both in 
physical properties and in the technical refinement from the 
corresponding products of the Baku oils. 

It was found that the Emba machine-oil distillate produced 
conformably to the usual refining process at Baku—namely, the 
treatment with 2.95 to 3 per cent. of ordinary 93-5 to 94 per cent. 
sulphuric acid, followed by neutralization and lengthy washing 
and drying—yielded an apparently good refined machine oil, 
especially in regard to colour and other physical properties, but 
that this oil was unsuitable for certain purposes: it, for example, 
has the property of readily emulsifying, which prevents its use as 
a turbine-oil. This property of emulsification of the Emba machine 
oil to a pasty cream-like emulsion seems to arise from certain 
constituents, which are not removed by the ordinary refining. 
Consequently, it seemed to be of interest to attempt to isolate 
"these. If this was effected successfully one might possibly find 
a method to remove them from the oil by suitable treatment. 
As the methods employed for the isolation of the aforesaid impurities 
are of great importance from the point of view of technical research 
they are described in detail. The Emba machine-oil distillate 
of spec. grav. 0°8956 at 15° C., acid number 0-590 calculated 
as SO,, with a naphthenic acid content of 3-28 per cent. (slowly 
extracted with weak alcohol), viscosity 7-08° Engler, at 50°C. 
was submitted to an automatic extraction process. A turbid 
extracted machine oil and the extract were obtained. From 
the latter oily naphthenic acid was obtained by decomposition 
with dilute mineral oil, in amount equal to 14 per cent. of the 
distillate used. 
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The following researches were conducted upon the oily dried 
naphthenic acid of spec. grav. 0-8984 at 15°C. As a preliminary 
experiment this product was shaken up with a 92 per cent. sul- 
phuric acid. The acid turns dark red, which upon dilution with 
water gives off an acrid smell of sulphur compounds. 

By shaking up with 96 per cent. alcohol only a relatively small 
portion was dissolved. Since ordinary naphthenic acids are easily 
soluble in 96 per cent. alcohol, the product must principally consist 
of some bodies heretofore not more closely characterized. 

(a) Because of the above research the naphthenic acid-oil mixture 
of spec. grav. 0-8987 at 15° C. was shaken up with 92 per cent. 
sulphuric acid at from 60° to 70°C. and allowed to stand some time. 

The acid-oil product clear on standing was removed from the 
sulphuric acid, and some separated acid tar. In all, 65 grammes 
of the acid-oil product was treated with alcoholic liquor. A pasty 
mass formed, from which the liquor seemed to be well separated. 
This latter liquor was taken and put on one side. 

The rest of the mass was well washed with water and the washings 
preserved. The oily mass was next treated with concentrated 
lye until it gave an evident attractive reaction, and at 80°C. in a 
steam bath allowed to stand during the night. The paste-like 
grease, during the night in the warmth, had become quite clear. 
Beneath it was the lye, above which a clear dark brown layer of 
soapy solution, and above this pure oil. The clear and highly 
concentrated soap solution was separated and soon decomposed 
toa pure grease. The oil was washed well with warm water. All 
lye residues contained were now collected by addition of water 
until the whole was dissolved. A particularly small layer of oil 
was thus separated. This oil was dissolved in a separating funnel 
with petroleum ether and separated from the soap solution. From 
the soap solution was obtained a strong smelling organic acid 
which had nothing in common with the smell of the usual naph- 
thenic acids. The oily mass then contained 46-1 per cent. of 
organic acids. Compared with the mass of the naphthenic acid 
content of the distillate, the grease contained only 25 per cent. 
of organic acids. Very probably, by the treatment with acid, 
heavy separable sulphuric acids have been formed from the oil. 
The closer identification of these was, unfortunately, not carried 
out. 

(6) The same operation was carried out with 1434 grammes 
of the naphthenic acid-oil mixture with the addition of 23 per cent. 
sulphuric acid. 15-2 per cent. of acid tar was formed. The 
acid product neutralized with lye was not drained off. When 
alcohol is added the alcoholic lye solution separates as a clear solution 
which gelatinizes at the temperature of the room. Diluted with 
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water and treated with hydrochloric acid 16 per cent. of organic 
acids was obtained, forming a milky solution in diluted lye. 

In this case it appears as though the 50-2 grammes of naphthenic 
acids which the matter dealt with held had been dissolved in the 
329-8 grammes of sulphuric acid employed. On the other hand 
it appears that the greater part of the sulphonated bodies had gone 
into the acid mixture. 

Also this experiment indicates the formation of sulpho-salts, 
Since these were not carried away in the normally formed soap 
solution during the steeping in lye, and also not removed by washing, 
it is fairly evident that these contaminating constituents must 
remain dissolved in the oil. When this is lightly emulsified with 
water, the emulsifying property of the machine oil concerned may 
depend upon the existence of these constituents. 

What is required of the machine-oil distillate, therefore, seems 
to be that these easily sulphonized hydrocarbons should be removed. 
This is important economically, since sulphuric acid can be thereby 
saved. ‘ 

This can be automatically combined with the distillation plant 
with special separators of different types. 

By this means applied to another Emba machine-oil distillate the 
oil passed over somewhat emulsified. From the liquor that was 
formed when drained off 1-2 per cent. of naphthenic acid was 
obtained, calculated in reference to the cily mass left behind. 
From the cloudy emulsified oil with alcohol and water 0-84 per cent. 
of naphthenic acid was formed. 

Between the lye and the oil the emulsion layer contained 1.45 per 
cent. of naphthenic acid. Thus the whole distillate contains 
3-5 per cent. naphthenic acid. The acid member of the oil previously 
gave 0-083, calculated as SQ,. 

In this case no emulsifying impurity was derived from the distil- 
late, which should depend upon the strength of the lye used 
(0-5° Bé). 

From a third Emba machine-oil distillate with 0-3° Bé strength 
of lye only 2-3 per cent. of naphthenic acid was extracted. It 
was emphasized that the light emulsifying constituents of the 
Emba machine-oil distillate do not consist of hydrocarbon, which 
would be characterized by a rise in the iodine figure of the distillate. 
This is confirmed by the following research :— 

The Emba machine-oil distillate with superheated steam blown 
through it and with normal iodine figure (Table 6) was treated 
with 7 per cent. of 94 per cent. sulphuric acid at 65° C. with air 
admixture for half an hour. The acid-refined product showed 
5-9 per cent. loss. By neutralizing with weak lye a thin emulsion 
was formed which could not be decomposed. By addition of 
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kerosine-naphthenic acid the oil became clear. The neutralization 
oss measured 1-73 per cent. The refined product had the following 


properties 


Sp. gr. 
Refined product .. .. 08896 
Distillate .. 08960 


From this it appears that the treatment of the kerosine-naphthenic 
id with lye affected the flash point as measured by the Pensky- 
Yartens method. 

To avoid this, naphthenic acids should be used from which the 
kerosine has been completely got rid of. 

This is effected by treating the kerosine-lye product with steam 
blast until all the kerosine is distilled over. The kerosine- 
free lye residue so obtained has its naphthenic acid estimated in 
the usual manner. 

It is thus shown that the kerosine-naphthenic acid plays an 
important part in the neutralizing of the acid Emba machine-oil 
distillate refined with sulphuric acid. The kerosine-naphthenic 
aid soaps are probably the emulsifying constituents, so that these 
can be removed with the soap-solution. 

How the refining process takes place in this case, and the nature 
of the removed emulsifying agents, can be seen from the following 
research. 

The aforementioned Emba machine-oil distillate with weak lye 
was treated for one hour with 5 per cent. of 97 per cent. sulphuric 
acid at 60° C. with admixture of air. 

The refining loss measured 3.25 per cent. The neutralization 
vas effected by addition of kerosine-naphthenic acid. The conse- 
quent loss combined with the above loss was 16.55 per cent. The 
separated lye residue, which on warming yielded a clear brown soap 
wlution, was treated with alcohol. The naphthenic acids are 
dissolved, whilst a highly viscous oily grease settles down. This 
was separated and washed with alcohol and then treated with 
warm water. A portion dissolves giving a clear opalescent solution. 
By decomposition with hydrochloric acid a nearly black dark green 
oil is obtained from the solution. 

The grease mentioned remains behind as an emulsified material, 
which does not decompose on warming. 

Treated with hydrochloric acid so as to give a reaction distinctly 
aid and thoroughly mixed a refined machine oil resembling 
oil separates out upon standing in the warmth. The specific 
gravity is 0-8949 at 15°C. This oil very easily emulsifies with water 
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forming a pale yellow cream, which on standing at 80° C. rather 
rapidly becomes clear. 

These researches show that the Emba machine-oil distillate 
contains hydrocarbons which are not removed by refining in the 
ordinary manner. 

It follows that these hydrocarbons either are not removed 
by large quantities of not too strong sulphuric acid or else that 
they may be removed by concentrated kerosine-naphthenic acid 
solution. This must be effected so that proper machine oil is not 
carried away with the waste lye, e.g., that there may not be too great 
waste of the refined product. 

In case these easily emulsifying hydrocarbons are not eliminated 
by the refining they can be washed out either by weak lye or by 
pure water, for they are, as mentioned, insoluble, and easily emulsify 
with formation of a very stable and stubborn emulsion. 

Upon the basis of the above given research the following refining 
experiment was carried out with the aforesaid Emba machine-oil 
distillate 

This distillate had the following properties : spec. grav. 0-8993 
at 15° C., flash point 230° C. (Brenken), 225° C. (Pensky-Martens), 
viscosity 7°78° Engler at 50° C. 

(1) Refining with 3 per cent. of 94 per cent. sulphuric acid. The 
distillate was treated with air-admixture and at 60°C. for an hour 
with the acid, and allowed to stand for some time. Loss by acid 
treatment, 3-62 per cent. The acid-oil was neutralized with 
weak lye (of 3° Bé) with the addition of 5-25 per cent. of prepared 
naphthenic acid. After draining off the lye waste the oil was 
washed as usual. The loss on lye treatment including washings 
amounted to 11-60 per cent. 

Refining losses. 


Prior loss oe 8-20 
By acid treatment es ee on we 3-62 
By neutralization ee ee ee oe 11-60 


23-42 


The refined product obtained had the following properties :— 
spec. grav. 0-8927 at 15°C. ; flash point 228° (Brenken), 225° (Pensky- 
Martens) ; viscosity at 50° C. 7-7° Engler; colour 13 mm. (Stm. and 
Pw.); soda test 1 (faultless). The oil does not emulsify. 

(2) Refining with 5 per cent. of 94 per cent. sulphuric acid. 
The distillate was treated with acid and mixed with air for one 
hour at 60° C. and allowed to stand. Loss from acid treatment 
4-1 per cent. The acid-oil was now neutralized with weak lye after 
addition of 3-5 per cent. of prepared naphthenic acid with certain 
precautions. The oil stood for two hours in the warmth, after this 


The 
0-8939 
viscosi 
soda ti 

(3) 
The di 
for 1 h 
treatm 
with 
emulsi 
added. 
reactic 
washes 
Consec 
was ac 
and 
neglect 

Nex 
was ol 


(Stm a 

The 
with c: 
that tl 
rid of. 
there i 
remove 


This re 


the ly: 

3° Bi 

was 6- 

The 

0-8914 

Marte 


‘ather 


‘illate 
n the 


10ved 
that 
acid 
not 
great 


nated 
by 
ulsify 


ining 
ne€-oil 


8993 
ens), 


The 
hour 
acid 
with 
ared 
was 
Lings 


sky- 
and 


cid. 
one 
ent 
fter 
tain 
this 


EMBA CRUDE OIL. 349 
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the lye residues were decanted off and the oil washed with lye of 
3° Bé strength and allowed to stand. The loss by lye treatment 
was 6-25 per cent. 


Refining losses. 
of 
Prior loss es 8-20 
By acid treatment oe 4:10 


By neutralization 


The refined product had the following properties : Spec. grav. 
0-8939 at 15°C. ; flash point 228° (Branken), 224° (Pensky-Martens) ; 
viscosity 7-1° Engler at 50° C.; colour 14 mm. (Stm. and Pw.); 
soda test 1-2 (good). The oil does not emulsify. 

(3) Refining with 7 per cent. of 94 per cent. sulphuric acid. 
The distillate at 60° C. was treated with the acid with air admixture 
for 1 hour, and then allowed to stand for some time. Loss from acid 
treatment 5-9 per cent. The acid-oil was neutralized as usual 
with weak lye to a faint alkaline solution. A milky yellow 
emulsion formed. To this 1-75 per cent. of naphthenic acid was 
added, then this was treated with lye so as to give an alkaline 
reaction, allowed to stand, the lye residue separated and the oil 
washed. The washed oil remained* cloudy without clearing. 
Consequently another 1-75 per cent. of naphthenic acid (prepared) 
was added and neutralized with the usual lye at between 60° C. 
and 80° C. A dark syrup was precipitated like a residue which was 
neglected. 

Next the oil was well washed until an unimpeachable soda test 
was obtained and it became clear. 


Prior loss ee as 8-20 
By acid treatment ee 5-90 
By neutralization as 8-25 


The refined product had the following properties: spec. grav. 
08914 at 15° C.; flash point 227° C. (Brenker), 224° (Pensky- 
Martens) ; viscosity 7-00° Engler at 50° C.; colour 27-5 mm. 
(Stm and Pw.) ; soda test 1 (faultless). The oil does not emulsify. 

The above refining processes show that the Emba machine oil, 
with care to use certain mass proportions, can be well refined, and 
that the highly viscous, easily emulsifying hydrocarbons can be got 
rid of. In this connection it may be noted that during the refining 
there is no real pause, that these constituents are really completely 
removed, unless one does not carry out the neutralization skilfully. 
This requires certain assumptions, especially regarding the concen- 
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tration-relations with this waste produced, so that the naphthenic 
soap may enclose, adhere to and remove the emulsifying constituents 
and under conditions also decompose them. 

It may occur that the distillate refined as in (3) gives the following 
refined product: spec. grav. 0-8924 at 15° C.; flash point 239° 
(Branken), 234° C. (Pensky-Martens) ; viscosity at 50° C. 7-09° 
Engler ; colour 18 mm. (Stm. and Pw.), soda test 1 (unimpeachable). 

The oil emulsifies strongly and remains cloudy. As seen, the 
difference in properties is scarcely noticeable, only the colour 
betrays that in the last-named case dark easily emulsified consti. 
tuents remain behind in the distillate. In notable manner the soda 
test gives no criterion. This, as mentioned, should depend on the 
fact that these emulsifying constituents in the lye are completely 
insoluble in water sometimes. 


CONCLUSIONS. 


In papers the different Emba typical crude oils, including their 
distillation, are stated to yield different qualities. The high qualities 
of the Emba crude oil, however, indicate high quality lubricating 
oils of every description, to obtain which it is necessary :— 

(1) That the Emba crude oil must not be distilled according to 
the stereotyped methods at’ Baku, but must be carried out in such 
a manner as the special characters of these crudes demand in order 
to obtain the peculiarly good, low setting point lubricating oils. 

(2) That the Emba crude distillate, especially the lubricating oil 
distillate, cannot yield good refined products by the ordinary 
refining methods. The cause of this rests on the presence of 
specially easily emulsifying constituents, which only by careful 
attention to certain proportions in the lye treatment can be got rid 
of, in order that in every respect excellent first-class refined products 
may be produced. 
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Commercial Oil Deposits and Main Structural Features.* 


The following contribution to the discussion has been received 
fom Mr. T. R. H. Garrett :-— 

Although Dr. Stamp in his reply to the discussion on his Paper 
on“ Commercial Oil Deposits ”’ stated that the question of volcanoes 
having destroyed a number of oilfields was not an essential point 
of the paper, it is an important question both from the scientific 
and the commercial point of view. 

Dr. Stamp rather took exception to my stressing the fact that 
destruction could not have taken place through distillation. My 
reason for attacking distillation was that it is much easier (though 
very difficult) to imagine that the oil has been destroyed by dis- 
tillation than in any other way. 

Dr. Stamp states that he is under the impression that oil is 
capable of burning and that the oil was burned underground. Even 
if I had forgotten the large oil fires I have witnessed, the fact that 
oil will burn given suitable conditions of temperature and supply 
of oxygen has been very painfully brought to my notice lately. But 
Dr. Stamp avoids my question as to whether any volcano could 
raise the temperature of the rocks sufficiently at the distances in 
question. 

Has Dr. Stamp any proof that any volcano could raise the tem- 
perature of the rocks at the distances in question sufficiently to 
set fire to the oil? And if so does the volcano also supply the 
oxygen required for the oil to burn underground, and ‘if not can 
Dr. Stamp supply the oxygen from any other source ? 

It would also be interesting to know if Dr. Stamp has observed 
on the surface or in the samples from the wells any evidence of the 
rocks having been metamorphosed or altered by the burning oil. 


* L. Dudley Stamp, Journ. Inst. Petr. Tech., 1928, 14 (66), 38-63. 
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Petrol Engine Lubricants and Lubrication,* 


Tue following communication regarding the above has been 
received from Mr. J. M. Evans :— 


I have read with a great deal of interest the article on “ Lubricants 
and Lubrication,” by C. I. Kelly, in the February issue. This is a 
very interesting and instructive article, which I have enjoyed. | 
wish, however, to call attention to an error in the second paragraph 
on page 126. The statement that “ Californian oils which are of a 
naphthene base are slightly inferior to the Texas oil and would 
come between it and the L. and N. Oil” is no longer true for all 
California lubricants. 

Our company has recently placed on the market a lubricating 
oil manufactured from California crudes which shows the following 
characteristics :— 


Specific Gravity .. 
Closed Cup Flash .. 


Viscosity at 70° F. 
100° F. 
140° F. 
200° F. 

Cold Test (Below) . . 


These specifications show this new oil to be almost exactly the 
same as the Russian oil. 

This oil is refined by a special adaptation of Dr. Edeleanu’s process 
developed by us, the finished product being obtained without the 
use of acid in the treatment. Conradson carbon values are of the 
order of 0-03 and the resistance to oxidation is very marked. 


* C.I. Kelly, Journ. Inst. Petr. Tech., 1928, 14 (66), 115-133. 
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REVIEWS. 


CuemicaL Encyciop2£p1,, by C. T. Kingzett, F.I.C., F.C.S. Fourth Edition, 
Published by Bailliére, Tindall and Son, London. Price 35s. 


This quite valuable Encyclopedia is not intended as a reference book 
for the chemist, but rather as a clearing house from which may be learned 
where to look for further details and further information on any of the 
subjects mentioned. The object kept in view has been to maintain its 
previous character as a work of reference for use by chemical engineers, 
manufacturers, merchants, importers and exporters and business men gener- 
ally. The scope of the work is extraordinarily full, and the fact that it has 
run into four editions is some indication that its value has been generally 
appreciated. 

The definitions are concise, descriptions are terse and adequate, references 
to further detailed information are reasonably complete, and the compilation 
generally is rather unique. 

The references given to petroleum products are accurate and really remark- 
ably comprehensive. In general, the book is a most useful addition to the 
busy man’s library, and the author is to be congratulated on definitely 
filling a long-felt want. 


The publishers are also to be congratulated on the get-up, printing and 
general appearance of the Dictionary. 


A. E. Dunstan, 


ALLGEMEINE PETROGRAPHIC DER (LSCHIEFER UND URER VERWANDTEN 
(Genera! Petrography of Oil-schists and their Allied Rocks). By 
Dr. Robert Potonié. G. Borntraeger, Berlin, 1928. 


The author, adopting Holde’s views regarding the terms “ bitumen” and 
“bituminous ” includes natural asphalt, natural gas, petroleum, ozokerite 
and mountain-wax ; also bodies such as coals, fats, peats, shales, which by 
distillation yield hydrocarbon oils. Mineral coal, though not containing 
“bitumen ” in soluble form, is included, since it furnishes “ tar.” 

All the last named bodies contain plant or animal remains. Such bodies 
as cellulose, which do not contain such remains although yielding tar by 
distillation, are excluded. 

There is, not unnaturally, quite a detailed classification of the bodies, the 
products of living organisms, which can lead to the formation of bitumen. 

The fundamental basis of this system is the ‘“ Protobitumen,” including 
solid and liquid fats and waxes from organic life remains. This leads to a 
survey of such bodies as the Deep-Sea Alge, Sapropilites, the Cutin of cell 
walls, spore-cases, suberin or cork material, etc. 

The “‘ Protobitumina ” are divided into the “ stable ” and the “ unstable ” 
varieties: Cutin, suberin, resin belonging to the former; albumen and 
sundry fats and oils, animal and vegetable, to the latter. 

The changes undergone by bodies of both classes are discussed in much 
detail, with numerous references to other authors. 

Next the petrography of typical bituminous schists and nearly allied 
rocks is considered, microscopic research leading to a classification into 
homogeneous and heterogeneous types. Members of these types are next 
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described, such as Durite, Tasmanite, Saprocoll—which show spores and 
pollen. Many sections are given of ‘ Boghead ” of the alge type. Kuckersite 
is also alluded to, with “stink stone,” etc. 

Next the bituminous argillaceous rocks are handled, with native petroleum 
found in schists and coals, the migration possibilities of oil-schist bitumen, 
and later phases in that which has not migrated. Non-argillaceous rocks, in. 
cluding bituminous limestones and dolomites (with microscopic sections of 
Fusulina limestone), and then sapropilite, and bituminous sands complete 
the list of those described. 

The dependence of bituminisation upon the particular kind of protobitumen, 
and upon the carrier of the bitumen, is next insisted upon. It is found that 
the “stable ’ forms do not tend to form bitumen. 

Lastly, the organic or inorganic origin of bitumen is considered. In 
reference to these the author contrasts the occurrence in nature of the former 
as compared with the more or less hypothetical derivation in laborator 
work, which are witnesses for the tables, and comes to the conclusion that 
these last named must give place to the former as derivatives of bitumen. 
He adds that evidence seems to favour animal rather than vegetable sources, 
although he cannot altogether exclude the latter. 

J. E. Hatt, 


CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. Edited by D. M. 
Newitt. 4th Edition, pp. 380. London: Leonard Hill, Ltd. 1923. 
Annual Subscription, 10s. 6d. 


The fourth edition of this useful reference work of chemicals, apparatus 
and equipment for production industries follows the lines of the previous 
volumes. Increased content matter has necessitated a larger page, and a 
very convenient tab system of sectioning has been adopted. The Catalogue 
Section has been divided into two parts—Chemical Products and Plant 
and Machinery. The Classified Index of Chemicals and Plant is well arranged, 
and affords a ready reference for intending purchasers. A few pages are 
devoted to Trade Marks and Trade Names. As in the previous edition, an 
Index to Industrial Applications of Chemicals and Chemical Plant is included, 
together with a list of Technical and Scientific Books arranged by subjects 
and by authors. The section on Tables and Data occupies 47 pages and 
contains information in a readily accessible form. 

The book is to be recommended as a useful reference volume for those 
industries in which chemicals and chemical plant are used. 7 

Grorce SELL. 


PeTROLEUM VADE_MECUM: INTERNATIONAL PETROLEUM TaBLEs. Ing. R. 
Schwarz. 5th Edition. Verlag fiir Fachliteratur, Berlin. 1928. 


The first 155 pages are devoted to tables for the conversion of petroleum 
measures and weights at various specific gravities, Beaumé and specific 
gravity equivalents, and price and freight rate conversions. Particulars of 
the tariffs on mineral oils in various countries occupy 118 pages, followed 
by 134 pages of statistics of production, imports and exports of petroleum 
and its products. The body of the text is brought up-to-date by a supple- 
ment giving additions to the various tables and tariff rates, including specifica- 
tions of petroleum products. 

The most useful part of the book is the tables, the headings of which are 
printed in English, French and German, and the work should find consider- 
able use where rapid and fairly accurate conversion of petroleum weights 
and measures and specific gravities are required. 


Grorce SELL. 
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Report OF Test BY THE DirecTor oF Furet RESEARCH ON THE CROZIER 
RETORT INSTALLED BY Ors Extraction, LimIrep, AT 
WeMBLEY. Department of Scientific and Industrial Research. London : 
H.M. Stationery Office, 1928. Pp. 20. Price 9d. net. 


The tests on which this report are based were carried out between April 4th 
and 9th, 1927. The retort is of the continuous-working vertical type, and 


for the tests a Scottish splint coal was used, the throughput being about 
{tons per day. 

Provided the coal used is such that pieces do not coalesce unduly on 
varbonization, the retort should work satisfactorily and give satisfactory 
yields of coke, tar and gas, providing the heating arrangements were suitably 
modified. The coke produced was smaller in size than the coal charged 
and the amount of breeze not excessive. 
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